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PEEFAOE 


It fell to my lot, in the spring of last year, to be 
called upon to deliver one of the courses of “Lec- 
tures to Working Mon” "whieh have been given by 
the Professors of the Royal School of Mines and the 
Royal College of Science annually for the last five- 
and-thirty years. The celebration of the sixtieth 
year of the Queen’s reign had taken place a few 
months previously, and it occurred to mo that it 
would be appropriate to the occasion to attempt a 
survey of the progress made in the science and 
practice of chemistry during the preceding sixty 
years. The difficulty of the task lay chiefly in 
making such a selection froxn the immense range 
of material which at once presented itself to the 
mind, as to give to the audience a tolerably clear 
view of those discoveries which may be regarded as 
fundamentally important, without creating confusion 
by the introduction of too much detail. 

It is obvious that, in the time at my disposal in 
six leotures, it was not possible to more than 
sketch in very broad outline the general features of 
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each subject, and the extent of progress which has 
been made in each direction. I was desirous of 
assisting my audience, most of whom, I believe I 
was justified in assuming, possessed at least an ele- 
mentary knowledge of physical science, by referring 
them to some book by the aid of which they could 
verify and amplify such notes as they had been able 
to take of the lectures. But T could find no single 
book of moderate size which afforded an historitsal 
survey of the succession of events which has le<i up 
to the system of theory in chemistry atjcoptod at the 
present day. 

In the following pages T have endeavoured to 
provide for the student such information as will 
enable him to understand clearly how the system 
of chemistry as it now is arose out of tho provitms 
order of things ; and for the general roiulor, who is 
not a systematic student, but who possesses a slight 
acquaintance with tho olementaiy fiwjts of tho sub- 
ject, a survey of tho progress of chemistry as a 
branch of science during tho period covered by tho 
lives of those chemists, a few of whom only remain 
among us, who were young when Queen Victoria 
came to the throne. 

If justification in a more strictly chemical sense 
were required for beginning such a story vrith the 
year 1837 or thereabout, it would be provided by 
recalling the fact that at this time the influence of 
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Liebig’s teaching was beginning to be felt. The new 
organic chemistry, and the system of practical in- 
struction in research inaugurated by Liebig, were 
attracting students from every part of Europe. 

A large proportion of the progress in discovery, 
which has gone forward with increasing rapidity since 
that time, may bo attributed to the spirit they there 
and then imbibed, and which continued to animate 
so many of them when afterwards they were called 
as teachers to other schools. 

A retrospect over so long a period as sixty years 
necessarily includes the consideration of the claims 
of many workers to a place among the founders of 
our science. It is not always possible, however, 
to determine exactly how new ideas originated, or to 
iissign to every contributor to their establishment or 
overthrow his just share of credit. With reference 
to this matter, all I can say is that I have used my 
best judgment upon the recorded evidence, and I 
have endeavoured in all oases to be completely 
impartial. My own recollections carry me back 
over more than half the period referred to, and 
I am therefore in a position to speak with direct 
knowledge of some of the subjects concerning 
which, in times to come, uncertainty would be likely 
to arise. 

Finally, I desire to point out that this does not 
profess to be a text-book ^ving a complete picture 
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of the state of knowledge and of theory at the 
moment. Its object, as already stated, is to show 
by what principal roads we have arrived at the 
present position, in regard to questions of general 
and fundamental importance. 

Eoyal College of Science, 

Londan, 1899. 



PREFACE TO THE SECOND EDITION 


In preparing this new edition matter has been 
added in order to bring it up to date, but the 
purpose of the book has been in no way altered. 
The idea is to provide for the student a clear 
statement of the successive stops which have led to 
the system of theory generally accepted by chemists 
at the present day. 

The reader will perceive that no finality is sug- 
gested in regard to any part of this system. On the 
contrary, it must bo clear that the whole is, and 
must remain, in a state of flux, and liable to readjust- 
ment in conformity with the onward flow of dis- 
covery. Even those parts of knowledge which appear 
most consolidated, such as the system of atomic and 
molecular weights, and the development of synthetical 
cheraistiy, including steroo-chonustry, bristle with 
problems which are tho subject of almost cjountloas 
researches, and will doubtless bo explained m time 
goes on by more and more comprehensive hypotheses. 
There is no more instructive exercise fgr the student 
of science, at any sbige of his progress, than a thought- 
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fill consideration of the difficulties which confronted 
earlier enquirers, and how they were overcome. 

Recognising how desirable it is that students should 
not only know the names of the leaders of scientific 
thought, but should perceive correctly the connection 
between their discoveries and the general progress of 
their science, I have added to each chapter a series 
of biographical notes. In these I have supplied a 
brief sketch of the life and work of every deceased 
chemist or physicist who has contributed substanti- 
ally to the progress thus far accomplished. To those 
notes has been added information as to authorities 
from which the reader who desires it may obtain all 
the biographical detail which probably now exists. 

In the case of living chemists I have restricted the 
notes to the statement of the present position of each 
one as set forth in the list of members of the Royal 
or other learned Society. 


Impbwal Collegb of Soibnce and Trchnoloov, 
Sepimher 1913. 
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THE PEOGEESS OF SCIENTIFIC 
CHEMISTET 


INTRODUCTION 

When the French revolutionaries in 1792 determined 
that the dead past might bury its dead, that for them 
the world should begin over again with a new calendar 
and the year 1, a new era was indeed about to com- 
mence, though in a fashion and with results which 
they little dreamed of. Lavoisier’s^ head foil to the 
blade of the guillotine, but there remained active 
minds among the chemists in France and England, 
and the time was near at hand when the conse- 
quences of their discoveries would prove to be more 
momentous than even that great convulsion which 
changed so much in Franco and other countries of 
Europe. Looking back a century, it is easy to see 
the general features of a social state wholly different 
from that whioh prevails in all civilised countries at 
the present day. And it would bo no exaggeration 

> A bri«f aoooaat of the life of Lavoisier and of other ehemiats 
mentioned in the text will be found at t.he endeof the chapter, 
together with references which mB;y be used when falter informa* 
tion is desired, 

A 
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to say that the greater part of the changes, julvan- 
tageous to rich and poor alike, which have accrued 
in. the course of this hundred years, arose directly or 
indirectly out of the discoveries in physical Sitionce, 
the full tide of which set in with the opening of the 
nineteenth century. Even the progress in l>iologi<'al 
knowledge, and the study of the relations of man to 
his surroundings, may fairly be eountotl among tho 
consequences of tho intellectual activity promoted 
and stimulated by tho successful physical anti chemi- 
cal investigations of this period. Bomo testimony as 
to the recognition in our own time of tho idea that 
the world in relation to science was then passing from 
the old to a new order of things, is to be found in tho 
fact that the Royal Society, tho oldest of tho scientific 
societies in Great Britain, and one of tho oldest in tho 
woiid, commencas its groat OataUiguc of Svi&tUifu- 
Papers with the year 1800. Previously to this tiino, 
the only branch of scioneo, apart from puro matho> 
matios, which may bo said to have made substantia! 
progress was astronomy ; and even in that ease, while 
the mechanism of tho heavens was pretty well known, 
observers had yet to wait half a centiuy longer for 
that wonderful instrument the spectroscope, whioh 
would inform them as to the composition as well aa 
tib.e movements of the heavenly bodies. In meohaaiot^ 
again, much was known as to the theory of Uie 
mechanical powers — the theory of latent hmt and its 
application fe the steam-engine, the preesure of the 
atmosphere and the iise of the Iwrometer — ^but 
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properties of gases in relation to temperature, and 
the phenomena of gaseous diffusion, -were yet to be 
discovered, and the doctrine of the conservation of 
energy, one of the really great discoveries of our age, 
had yet to be recognised and established. 

Electricity was in its cradle in 1800 , and as to 
chemistry, the composition of air and water, which, 
had been established by the discoveries of Priestley, 
Cavendish, and Lavoisier, the general characters of 
acids, bases, salts, and the composition of a few 
minerals, were matters of knowledge so recently 
acquired, that they had hardly become familiar 
enough to bo fully realised. The doctrine of “ phlo- 
gistoii” was, of course, by this time defunct. To 
this result many previous observations had contri- 
buted, especially the increase in weight experienced 
by nrotals in undergoing calcination, and the con- 
version of caxistio irito mild alkali by the action of 
fixed air (carbon dioxide), clearly established by 
Black. To Lavoisier belongs the credit of having 
recognised the truth concorixing the functions of 
oxygen in combustiotx and as a component of atmo- 
spheric air as well as of acids, bases, and salts, and 
of having thus transfornxed the ideas and the 
language of chemistiy. 

The object and chief business of scientific chemistry 
has always been to find out what things are made 
to study their properties, and to discover the 
relation of composition to properties. But scientific 
chemistry did not be^n till the middle of the 
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seventeenth century, and its founder was an Eng- 
lishman, Robert Boyle. Breviously, what wjis called 
chemistry, or alchemy, was mainly a contused nuuss 
of observation largely erroneous, and of hypothesis 
mainly groundless. Two objects ha<l lajcn sot 
before th^e inquirer, one the production of gohl 
from base metal, the other the production of a medi- 
cine to cure all disetise, including ol<l ago. Tho.so 
d^s are now long gone by, and all the substantial 
^acbiccd advances and inventions of modern times 
may be said to have arisen out of the atlopiion of a 
new nrinciple, the pursuit of knowletlge for its own 
sake. The cultivation of exact observation of nature, 
the practice of experiment (which is the substitution 
of prearranged for natural conditions), and the use 
of common sense in the constriiction of theories, theso 
are the steps which have led to real progress, to a 
better knowledge by man of his relation to the uni- 
verse in which he is placed, and the atiaptation of the 
forces of nature to his needs and desires. 

The study of chemistry leads us at once to a 
classification of the materials of which the world, 
with its atmosphere, ocean, and inhabitants, animal 
and vegetable, are composed. Wo recognise, first, 
two great divisions in these materials, viz. simple or 
single stuffs, and compound. From the former wo 
can extract only one sort of substance, ami this we 
call an element. From iron, for example, we duo get 
only iron, whUe iron rust is a compound, because we 
can get from it both iron and oxygen. 
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Observation of this kind, however, to be complete, 
must be not only qualitative but quantitative. We 
must know whether the compound, recognised by a 
certain association of qualities which distinguishes it 
from all other kinds of matter, is invariably composed 
of the same materials united in the same proportion. 
This has been done for us in a very large number of 
cases, and the proposition that a given compound is 
definite in its nature, and always contains the same 
ingredients combined in the same proportions, is a 
recognised principle which, though many times 
threatened, survives triumphant. To take an example, 
water is a common substance obtainable from many 
natural sources, and exhibiting variations of colour, 
density, and so forth. But these variations are only 
apparent, and are really duo to the presence of other 
things mixed with it. It is most pure as it falls from 
the sky, but oven then it brings with it gases from 
the air. When it falls xipon the ground it meets 
with salts which dissolve, and which, when accumu- 
lated in quantity as in sea-water, give it a tosto ; or it 
may dissolve vegetable remains and become green, 
brown, yellow, according to circumstances. Pure 
water can also be formed by the chemist by uniting 
together hydrogen and oxygon gases, as first shown 
by Cavendish in IT 83, and in other ways. But 
when separated from everything else — not an easy 
matter, but still possible — wo know water as a nearly 
colourless^ liquid, which crystallises infto a solid at 


‘ It has a bloe ooloor wheo seen in mass. 
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Oo Q (^32'’ F.), and boils at XOO'’ C. (^212^ F.), 
under ordinary atmospheric pressure, it is always 
composed of eight’ parts of oxygen lo one part of 
hydrogen by weight, or one part, of oxygen to two 
parts of hydrogen by tuoasnre, ami this atiinits of no 
variation whatever. 

It follows from all this that the idea of the indr- 
siructibilit'ii of nuxtteT is taken as an axiom. The 
mass of a compound is the sum of tlio nimwcs of 
the elements which enter into it, and though a suli- 
stance may change its form, it is never ilinnnishod 
in amount. From a series of chemical transformations 
any ordinary element • may be extracted at any stage, 
possessing the same proportios and having tlio samo 
weight as at first. This was probably a hanl thing 
to believe and understanil Iniforo tho tlays when tho 
materiality of gasos* hail boon establisluHl, am! 
practical methods for tho managomont am! manipu- 
lation of such light and bulky stuff as air haii boon 
introduced. 

Ohemists have been industriously testing all sorts 
of materisds ; the minerals which form tho solid earth, 
the gases of the air, the waters of the ocean, and tho 
strange, complex, and multitudinous forms of matter 
which make up the bones and muscles, the blood and 
nerves of animals, and the wood, pulp, and juices of 

^ The exaofe ratio is IS‘88 to S or 7*94 to 1. 

■ &SS 01»{ft4r X, Sadio-aotlro Xiomaats. 

* ^Skt », » woid^rastad 1^ felia slobamtrt Viia aan* firom tiM 
Ciraafc x4o«a>oh«os, enptjr spaoa. Baa also Llppmaim, ** History of 
word Ohm. Ztittma, 85, 41 (1911). 
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vegetables; and out of this highly diversified mass 
they have extracted, not an infinite number, but a 
strictly limited and comparatively small number of 
simple things. In 1837, the year from which our 
story must commence, fifty-four elements were known. 
A question at once arises: If definite compound 
substances have a fixed composition, the elements in 
them being always present in the same proportion, 
what will be the consequence of bringing together 
two or three elements and making them unite ? Will 
the same elements in the same proportion always 
produce the same compound? The answer is that 
this is not always so. The same elements combined 
in exactly the same proportions may produce two or 
more entirely different substances. For example, 
starch and cotton are both composed of carbon, 
hydrogen, and oxygen in the same proportions 
(C 44*44, H 0*17, O 49*38 per cent.), and the sugar of 
honey or fruit and the lactic acid of sour milk form 
another pair of compounds which contain the same 
ingredients in the same proportion. But while starch 
forms a jelly with hot water, and is useful as a food, 
cotton is quite insoluble in water, and is indigestible ; 
while grape sugar is crystalline, sweet, and neutral, 
laotio acid is liquid, sour, and strongly acid. Here 
is a phenomenon, then, which must be accounted for, 
not by the nature of the elements present, but by 
some other hypothesis. 

The facts of definite combination ahd of multiple 
Combination, where two elements are joined in several 
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proportions to form a series of distinct compounds, 
were long ago accounted for by tho atomiti theory 
of Dalton. According to this doctrine, which has 
been the fundaraentid hypoth(‘.si.s of chonii.«1,ry for 
nearly a centiuy, chemical combination i.s tluc to 
the close approximation of tho suparnto partioh^s of 
the substances uniting. Dalton has exprcs.sod the 
whole idea very clearly in tho following pas.sago 
taken from his Chmiical Philosophy (1808): 
“Chemical analysis and synthesi.s go no farther 
than to the separation of particles one from another, 
and to their reunion. No new creation or destruc- 
tion of matter is within the reach of chomical agency. 
We might as well attempt to introiluco a now planet 
into the solar system, or to annihilate one already 
in existence, as to create or destroy a particle of 
hydrogen. All the changes wo can produce consist 
in separating particles that are in a state of cohesion 
or combination, and joining tho.so that worn previously 
at a distance.” 

If, then, two elements combining in tho samo pro- 
portion may produce two or more distinct compounds, 
this can only be explained, aecoiding to tho atomic 
theory, by the assumption that the atoms in tho 
different compounds are tho same in number, but 
differently arranged. But why should atoms com- 
bine together at all? This has been, and probably 
will always remain, one of the fundamental but 
unsolved proMems of chemistry. Two bodiee at a 
dktanee from each other are drawn together with 
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a force which is directly as the product of their 
masses, and inversely as the square of the distance 
between them. This is the cause of weight, in which 
the earth as the larger body seems to draw all things 
to itself, though the action is always mutual. So also 
a magnet attracts iron and some other metals ; a stick 
of glass or resin, which has been rubbed, attracts 
light bodies, such as a feather. In the last case, as 
in the others, the action is reciprocal, the glass attract- 
ing the feather and the feather the glass, and the 
cause of the attraction is said to be the charge of 
electricity which has been developed upon both 
bodies. But after all, every one of these cases of 
attraction is only a degree less obscure than that 
which we call “ chemical affinity,” which operates at 
distances so small as to bo immeasurably beyond 
recognition by our senses, and oven probably by any 
direct moans of measurement which wo can experi- 
mentally apply. For although wo know the law of 
gravitation txs already stated, and can make quan- 
titative expressions of the force with which bodies 
are drawn together in the other cases, wo can only 
make guesses as to the essential nature of gravitation, 
and of the attraction due to magnetism or to electrical 
induction. In the case of chemical affinity, wo not 
only do not yet know why substances unite together, 
but there is at present no measure of the law as 
to the distance through which particles of uniting 
substances may act upon each other. Nevertheless, 
speculation has of course not been wanting, and 
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among the several hypotheses concerning the nature 
of chemical affinity, none has attracted more atten- 
tion, or shown si^ns of greater vitality, than the one 
attributing chemical combination to the existence 
upon the atoms of charges of electricity of opposite 
kinds, in virtue of which they unite to form more or 
less completely neutral products. This idea was <16- 
rived originally from discovorio.s in connection with 
chemical decomposition by an electric current, — begun 
by Nicholson and Carlisle, when in 1800 they for 
the first time decomposed water into oxygen and 
hydrogen ; continued by Davy, who discovered potas- 
sium and sodium by the same agency ; employed by 
Berzelius as the basis of hi.s celebrated theory ; and 
studied lastly and chiefly by Faraday, who enunci- 
ated the quantitative statements which are known as 
Faraday’s laws of electrolysis. In the dacompositlon 
of compounds by the current, the elements mnge 
themselves under two classes, namely, th<»io which in 
electrolysis go to the anode' or positive electrode, 
and those which appear at the cathode or negative 
electrode. The former of these two oinssos includes 
oxygen, chlorine, bromine, sulphur, and others which 
are called negative elements ; and the latter includes 
hydrogen and the metals which are called poeUive. 
But while it is true that a strongly positive element 
unites with a strongly negative element to form a 
very stable combination, there are many £acta wlu<di 
tender very ^^oult the application of this daotoo- 

* Th«M tenas iairodaoed by Fandaj. and are ia ooSkaMm oea. 
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chemical hypothesis to all cases of chemical com- 
bination. 

In 1837 the great Swedish chemist Berzelius was 
still living, and his views about the composition of 
salts and acids were still predominant. Lavoisier had 
taught that the compounds of oxygen with metals 
formed bases, while the compounds of oxygen with 
non-metals, such as sulphur, were acids. By union 
of a base with an acid a salt was formed. Thus 
sulphate of soda was composed of soda or oxide of 
sodium, and sulphuric acid or trioxide of sulphur. 
Later, when it was found that salts may be formed by 
the union of elements like chlorine with metals, the 
name halogen ^ was given to such elements by Berze- 
lius, and two classes of salts, called respectively haloid 
and amphid salts, were recognised. But in each class 
the proximate constituents of the salt, that is, the 
sodium and chlorine of common salt, and the sotia 
and sulphuric acid of stilphate of soda, were, accord- 
ing to the Berzolian classification, respectively electro- 
positive and electro-negative, and in the compound 
were united by electric attraction. Faraday before 
this time had definitely declared his belief in the 
identity of oloctricity and chemical affinity ; and 
I>aniell, in his well-known Chemical I^hilmophy^ 
publishocl soon after this time, refers constantly to 
“current affinity" in describing the effects of the 
electric current. 

* i\* m. sea-italt, or simply salt. 

■ 188S. Second edition, 1S43. 
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Such, then, were in general terms the views com- 
monly accepted in inorganic chemistry, Faraday 
having long abandoned the pursuit of pure chemistry, 
the most famous by far among English chemists was 
Thomas Graham, then Professor of Ohemistry in 
University College (“ The XJnivorsity of London ”), to 
whom science is indebted for his discoveries in con- 
nection with gaseous and liquid diff'usion, and for his 
advanced views on the constitution of such acids as 
phosphoric acid, which are now called poly basic. 

At the beginning of the century Germany hml few 
chemists, and none of the first rank. In 1837 Liebig 
was in the height of his fame. But this distinguishotl 
man, whoso work and teaching were dostinotl to have 
so groat an influence on the sciontifitj and industrial 
future of his own country, and so powerfully to stimu- 
late the development of scientific chemistry in Eng- 
land, had been compelled in his own youth to sock 
the instruction he wanted in the laboratory of a 
French chemist. His first investigation was made 
in Paris under the direction of Gay-Lu.M.sac, and his 
first paper was published in the Atituden tiA Chimip 
et de Physiqxui. Liebig did much to [xnnt the way 
to the physiologist, the agriculturist, the manufac- 
turer, in the practical application of chomtstiy to 
useful purposes; but tho g^eat work which ho had 
achieved in 1837 was to inaugurate the systemati*- 
sation of what was then righUy called orgamie 
chemistry, as distinguished from the chemistry of 
minerals, salts, and inorg^mic nature in general. 



I>TJCTXON] 


OBGANIC COMPOUNDS 


13 


Previously to his time the very composition, to say 
nothing of the “constitution” of such substances as 
alcohol, sugar, and the vegetable acids, was almost 
unknown. Various imperfect and difficult methods 
of analysis of such substances had been used succes- 
sively by Lavoisier, by Gay-Lussac and Thdnard, by 
Berzeliizs and others; but it was only after an in- 
vestigation extending over seven or eight years that 
Liebig succeeded in devising the process which, in 
principle and with modifications relating only to 
details, is used in every laboratory for the same 
purpose at the present day.^ All the compounds in 
question contain carbon, associated with hydrogen, 
oxygen, nitrogen, sulphur or other elements, one or 
more of them ; but the groat majority contain carbon, 
hydrogen, and oxygon with or without nitrogen. 
Whoix such a compound is burnt in excess of oxygen, 
or in contact with a substance which yields oxygen, 
the carbon is wholly converted into carbon dioxide, 
the hydrogen is converted into water, the nitrogen is 
set free. These products are easily collected and 
their weight determined, and inasmuch as the com- 
position of carbon dioxide and water is accurately 
known, the proportion of carbon and hydrogen in 
the substance burnt is easily determined. The exact 
determination of the composition of a large number 
of compounds of organic origin, such as those already 
mentioned, and a study of some of their transforma- 
tions and of the products obtainable f!Pom them by 
* I’oggendorflPs Annalen, 21, 1. 
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oxidation and otherwise, led to very important con- 
sequences ; for in the end a definite system of 
organic chemistry was established, and this was based 
upon the idea that whereas inorganic compounds are 
formed of elements united together in different pro- 
portions, organic compounds were formed of groups 
of elements which were capable of ptissing from one 
combination to another, and of appearing as com- 
ponents of many distinct compounds, as though they 
were simple. And just as in inorganic chemistry 
there are metals and non-metals which stand in anti- 
thesis to each other, so there are organic “ radicals," 
as these groups were called, some of which play 
the part of metals, others of elements like sulphur, 
chlorine, or oxygen. Organic chemistry, then, came 
to be regarded as the chemistry of <K)mpoun<i 
“ radicals.” 

Ideas of this kind, however, rarely reoeive genera! 
adoption immediately. It had already been shown 
by Gay-Lussac that cyanogen, a compound of carbon 
and nitrogen, habitually imitated the element chlorine 
in its combinations. But the eshiblishmont of the 
idea of compound “ radicals ” and their relati<»n to the 
properties of series of compounds was undoubtedly 
due to the investigation by Liebig an<l Wohler into 
the compounds of benzoyl existing in 

bitter-almond oil, in benzoic acid, and in the <x>m- 
pounds immediately derivable from them. The pro- 
pagation of this doctrine was, however, not left to 
the efforts of Liebig and Wbhler alone, for by 1837 
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Dumas in France had so fully adopted the idea, that 
in a communication made jointly with Liebig to the 
Academy of Sciences,^ he announced formally his 
adhesion to the doctrine. In mineral chemistry, he 
says, the radicals are simple, in organic chemistry the 
radicals are compound : “ Fb-iid toute la dijference'' 
Dumas himself, senior to Liebig by about three 
years, had made by this time very important dis- 
coveries, Of these the most striking, whether con- 
sidered in reference to its influence on the progress 
of “ organic ” chemistry, or its relation to the electro- 
chemical theory of combination, is the discovery of 
the phenomenon of “substitution.” The story goes 
that attention was drawn to the action of chlorine 
upon wax, by the annoyance caused at a soiree at 
the Tuilories by the irritating fumes cuiittod by 
the camlles, which burned with a smoky dame. It 
turned out on inquiry that the wax had boon 
bleached by ohloriuo, and the fumes emitted on 
burning wore duo to hydrogen chloride. Eesearches 
undertaken by Dumas led to the discovery in 1834, 
that in contact with many organic compounds 
chlorine is capable of replacing hy<lr(>gon atom by 
atom, so that for every atom of hydrogen removed, 
an atom of chlorine takes its place. It may be easily 
imagined how distasteful such a discovery would bo 
to Berzelius and the school of oloctro-ohomists, in- 
volving as it does the idea that a negative element 
may be exchanged for a positive element, without » 
* Oomptea Hendua, v. 507 (23rd October 1S37). 
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fundamental alteration in the chemical character of 
the resulting compound. That such is the ease was 
not admitted without a controversy which extended 
over many years. It has long been known that the 
property displayed by chlorine is possessed by bro- 
mine, and under proper conditions by iodine, and 
even by compound groups, such as the oxide of 
nitrogen derived from nitric acid. 

Such then was the general condition of knowledge 
relating to chemistry, and to those branches of science 
immediately connected with it, which had been estab- 
lished in the former half of the nineteenth century. 
The position of science, however, will be better 
appreciated if it is remembered that at this date 
none of the special societies which exist for the 
cultivation of pine or applied chemistry and physics 
had come into existence.* The Iloyal Society of 
London (chartered by Charles II in lOfJli) an<l the 
Royal Society of Edinburgh (founded 1783) were the 
only important Societies to which communications 
relating to discoveries in chemistry could be appro- 
priately addressed in this country, and in the Philo- 
sophical Transactions of the Royal Society of L&ndmi 
are to be found the greater part of the discoveries 
made by Davy and Faraday. But after the death 
of Davy in 1821) it seems probable that there was 

‘ The Ohemioal Society of London wa« founded 1841 j Pbar- 
maoeutical Society of Great Britain, 1841 ; Sooi4t^ Ohimtqae de 
Paris, 1868; the Berlin jOhonaioal Society, 18«7; the Physical 
Society, 1874 j American Ohemioal Society, 187« ; the Society of 
Ohemioal Industry, 1881, 
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considerable justification for complaint as to mis- 
management in the Royal Society, such as took shape 
in Babbage’s S^flections on the Decline of Sdenoe 
in Englcmd, published in 1830. This, however, was 
a state of things destined soon to pass away, for not 
only was Faraday at work at the Royal Institution, 
but in 1831 the British Association for the Advance- 
ment of Science started upon its prosperous career. 

We may now proceed to trace the course of dis- 
covery in chemistry, but as this necessarily advanced 
upon several lines, which were in the beginning at 
any rate quite distinct from each other, it will be 
advantageous to follow these separately, taking one 
at a time. 


BIOGRAPHICAL NOTES 

Claude Louis Berthollet was born at Talloire, near 
Annecy, in Savoy, on 9th Dec. 1748. He studied medicine in 
Turin, and after obtaining his degree he went to Paris. 
Having been appointed physician to the Duo d'Orliians, he 
devoted himself to the study of chemistry. In 1785 he declared 
himself a supporter of Lavoisier’s anti-phlogistio dootrines. 
During the revolutionary period Berthollet rendered mnoli 
service in advising on the manufacture of nitre and in the 
production of iron and steel. He accompanied Buonaparte to 
Egypt, and after his return was nominated a Senator of France, 
and afterwards when Buonaparte became emperor was created 
a peer. He died on 6th Nov. 1822. 

Berthollet’s fame rests partly on his application of chloriuo 
to the purpose of bleaching, and in this connection the pro- 
duction of “chloride of lime,” but more especially on the views 
put forward in his famous Estai de Staiique Ohimiqw, published 
in 1803. 

B 
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The law of definite proportions was finally established in 
opposition to the views of Berthollet, after a long oontrovorsy, 
in which the facts were chiefly supplied by the invostigationa 
of Proust (a Frenchman, for some years professor in Madrid), 
who analysed varioiis oxides, sulphides, and carl)onate8. 

[Thomson’s Histo'i^j of Ofiemistrtf. VuL ii. 1831.] 

Jons Jacob Berxblius was born 20th Aug. 1770 at t!io 
village of Waforsunda, in Bast Oothluiul. Tlie son of a school- 
master*, he studied inodicino at the University of Upsalii* In 
1804 he graduated M.D. and commenced practice in 
holm, hut in 1806 became a professor in the ("nivorsity and 
leottired on medicine and on chemistry, oiu*!y mTUpi^'d him- 
self with the effects of the Voltaic pile, and in 1803 pnbltHhod, 
jointly with Hisinger, a i>apor on ©lectwlysis, in thu cmirso of 
which he described ** ammonium amalgam*’* lie sfHinit much 
time in determining the proportion of oxygen proHcnt in many 
oxides, and showed the connection l>etwoen the qtianiliy «if 
oxygen in the base and the amount of acid rei|uimi to form 
with it a neutral salt. lie devoted many years to the atialysis of 
compounds for the pxirposo of determining tlie aiiuttic weights 
of the elements, and, adopting Dalton’s atomic theory, iippheil 
Mitscherlich’s law of isomorphism to settling the com{miiittt»ti 
of oxides* Bersselius ixitruducud the Hyitihols which since his 
time liave been used to represent atiutm, namely, the initial 
letters of the Latin names of the res|Hictive elemunlH. I Its 
eleotro-chomioal theory of aflinity has iieen euimiiiurably 
modified, but Berzuliits was the first to show ex|H)rimeiituliy 
that in organic compounds the elemuiits are tiiitied, as tit 
inorganic compoutids, in definite atomic pro]:Hirtioits« In the 
examination of tartaric aitd racemic aciiis Jte dtscuveriiti iso* 
merism. Berxelius discovered cerium (1803), seicntuni (ISIS), 
and thorium (1828), and Isolated silicon, xsrcotiitiiit, and tan* 
talum. H© died at Stockholm, 7th Aug. !84H, 

[Obituary by H. Bose, translated into the Attttrrimn Jount. 
Sd,, [2] xvi. and xvil. (1853-54). Obituary, /Ver, Ifoyci/ JSur*, 
voL6,872 (1849). History of OheiniaU A. Wurta. 1809. j 

JosxiPH BnAOK. — Born at or near Bordeaux, 1728. After 
education at a grammar school, chiefly at Belfast, he entered 
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the University of Glasgow, where he studied medicine. He 
graduated M.D. at Edinburgh in 1754, and subsequently becanae 
Professor of Medicine at Glasgow. Black studied latent heat 
with important results. His most important chemical work 
consisted in Exfperiments on Magnesia^ Quicklime^ and other 
Alcaline 8^lb$tances (1777), published after he became Professor 
of Chemistry in the University of Edinburgh. He died 10th 
Nov. 1799. 

[History of Chemistry. Thos. Thomson. Vol. i. (1831).] 

P.OBERT Boyle. — Seventh son and fourteenth child of Richard 
Boyle, first Earl of Cork. Born at Lismore, 25th Jan. 
1627. Educated at Eton and on the Continent. Settled at 
Oxford, and there erected a laboratory. In 1662 published 
experimental proof of Boyle’s Law ” connecting volume with 
elasticity and pressure of gases. Took a leading part in 
founding the Royal Society. In his book entitled The Sceptical 
Chemist (1680), he gave the death-blow to the alchemistic 
doctrine of the trio, prima, and laid the foundation of chemical 
science by supplying the definition of a chemical element which 
has boon accepted down to the present day. 

Boyle never married. He died in London, 30tli Dec. 1691. 

[Dictionary of National Biography, Essays m Historical 
Chemistry, Thorpe.] 

Anthony Oauusle, born 1768, died 1840. Sux'goon; 
knighted 1820. 

[Dictionary of National Biogra^ifvy.'] 

Hknwy Cavendish, the son of Lord Charles Oavexidish and 
grandson of the second Duke of Devonshire, was born at Nice, 
1731. Etlncated at Peterhotise, Cambridge, ho studied mathe- 
matics and oxpei'imonted in physics and chemistry. His 
grt^atest chemicixl discoverioH were the i<lentificatioti and dis- 
crimination of hydrogen from other kinds of ^Mnliammablo 
air,” the determination of the eompositioix of water, and the 
establishment of the practically constant proportions of oxygen 
in atmospheric air. But he was also the first to give a metluKl 
for estimating the density of the earth, ami his name is 
associated with this method, the applioation of which i» known 
as the Cavendish Experiment.*’ 
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Ho died in London on the 4th Feb. 1810, leaving a very 
largo fortune. 

[Life of the IlojioumhU Ilennj George WilBon. 

Cavendish Society, 1851. Eawjn in Hhtoriml 
Thorpe.] 

John Dalton, born at the village of Kaglo«ra*l<i, near CJ«u*ker- 
mouth, Cumberland, 1766. At fifteen he iHieunm aamatunt in a 
school at ICendal, of which ho ultimately hevaiiie lVinoi|mi. In 
1793 he removed to Mnnehoater, and for «ix yeara ac’ttHluK Thitor 
in Mathematics and Natural Philosophy in the New College, 
Subsequently he worked a« private tut<^r,<«?riiKioiiu1!y lecturing 
in London and other places. Remeiiibored idiiefly as the autlmr 
of the Atomic Tlieury in its applivntion to i^lieiitiral CotnhhiH 
tion, but made important obaorvatioiiK <in the c<uiHtiltiiioii of 
mixed gases and the ex|wni8ion 4*f gases hy heat, fits views 
are expounded in his New Stfuiem of Phihm^ihif^ of witivlt 

the first volume ap|>earod in 1HG8. Ho HiiflTariHi from an ex- 
treme form of colour-tdindnesK, of which he gave an iicvottni iti 
1794. 

Died at Manchester, 27th July IHI 1. 

[Life^ by W. 0. Henry. Cavendish Sisdoty, IH5 1. ' 

John Fheokhick DANrKi.i., horn I2tli Mantlt I7jxi, ht 
London. His earliest coutrihutums tu science related tu 
meteorology and crystallography, in he descrtlieti the 

pyrometer which bears his name, and for ttiis tie moeivini tlie 
Bumford medal. He was at this time spiKiiittod first Pro- 
fessor of Chemistry in Hinges CoUego, Ltntdoti, and thereafter 
he devoted himself ohiefiy to electro-chemistry. He devised 
the constant battery known as Danleira. In 1839 he beoatmi 
Foreign Secretary of the Ht>yal Society, and while attending a 
meeting of the Council he died suddenly of apoplexy, 13tli 
March 1845. 

[PhiL Maff,^ 28, 408 (1846). AfemoirM of the (*hem, Nor., 2* 329 
(1845).] 

Humphry Davy was bom at Pensanoe, I7th Deo. 177a 
Bduoated at Pensanoe Grammar School and at Traro. Whan 
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twenty years of age he became assistant to Dr. Beddoes at the 
Pneumatic Institution, Bristol^ where he discovered the anaes- 
thetic property of nitrous oxide. In 1801 he removed to the 
Royal Institution in London, where he was first appointed 
Assistant Lecturer, and subsequently, in 1802, Professor of 
Chemistry. Here he isolated potassium and sodium by elec- 
trolysis of the hydroxides, demonstrated the elementary nature 
of chlorine, and invented the miner’s safety-lamp. Created a 
baronet 1818, and elected President of the Royal Society 
1820. 

Died at Geneva, 29th May 1829. 

by his brother, John Davy. Two vols., 1836. Hum- 
;ph)'y Davy^ Poet and Philosopher. T. E. Thorpe. 1896.] 

Jean Baptiste AndkiS Dumas was born at Alaia, in France, 
14th July 1800. Apprenticed to a pharmacien at Alais. In 
1816 he went to Geneva, where he attended the lectures of 
de Candolle, Pictet, and G. de la Rive. He removed to Paris 
in 1823, and obtained employment as Repcititeur de Ohimie to 
Th6nard"s lectures at the [filcole Poly technique. Subsequently 
ho became Professor at the Athonceum, a semi-popular in- 
stitution. In 1826, in a paper on the Atomic Theory, he described 
his method of taking vapour densities. Soon afterwards he 
discovered the substitution of hydrogen in organic compounds 
by chlorine. In 1820 he founded the J^lcolo Centrale des Arts 
ot ^Manufactures, whore ho lectured till 1852. In 1832 ho 
succeeded Gay-Lussac as Professor at the Sorbonno, and a 
few years later undertook also the Chair of Chemistry at the 
lilcole de Mcdecine. 

Dtiinas’ name is associated with the early phases of the 
theory of type«, and with speculations on the numerical re- 
lations of the atomic weights. 

In 1869 Dumas delivered in London the first of the Faraday 
Lectures organised by the Chemical Society in memory of 
Faraday, He was recipient of many other honours, including 
the Copley Medal of the Royal Society and the Prussian Order 
pour U MirUe^ 

He died at Cannes^ 1 1th April 1884, 

[Obituary in the Joum. Ohem. Koc,, 47, 310 (1885). E»say$ 
in Historical Chemistry, T, E, Thorpe.] 
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Michael Faraday, born at Newington, Surrey, 22nd Sept. 
1791, was the son of a blacksmith. After being apprenticed 
to a bookbinder he became laboratory assistant to Davy at 
the Royal Institution. In 1813 he travelled as secretary and 
valet with Sir Humphry and liady Davy, I’oturning to the 
Royal Institution in 1815. In 181C ho I>egan lecturing in the 
City, and in the same year produced his first paper <ui a Spo^n- 
men of Natural Caustic Lime. He begun lecturing at the 
Royal Institution in 1827, and vras appointed first Fulhirian 
Professor of Chemistry in 1833, In 182J) ho hecamo one of 
the Scientihc Advisers to tho Admiralty, and in 183(5 Sekintilic 
Adviser to the Trinity House. He was tho first to make system- 
atic experiments on the liquefaction of gases, anti discovered 
benzene 1825. Faraday discovered eloctronuignutic induction, 
and made a large numlier of other discoverit^s in connection 
with electricity and magnetism, of which the mtmt ini|H>rtttnt 
to the chemist are the laws of electrplysia. 

From 1835 Faraday received a |>eu»ion from (iroverninent, 
and in 1858 the use of a house at Hampton Court, whore ho 
died, 25th August 18G7. He is buried in Higligate i'oiiiutery. 

[Life and Letters of Miclutel Faraday, Henry Hence Joiioh. 
Two vols., 1870. Faraday as a I>%8Coverer, dtihn Tymiall, 
1868.] 

Louis Joseph Gay-Lukhao, born 6th Dec, 1778, at Hi, 
Leonard, a small town near Limoges. In consec^uenee of the 
Revolution his education was imperfect till, in 1795, he was sent 
to Paris to prepare for the examinations of the f«kHde Poly* 
technique, to which he gained admiasion in Ihicambcr 1797. 
Berthollet was then Professor, and under his influence mnd that 
of Laplace the youth was guided in his study of the p!tysii*al 
properties of gases. His first paper on the dilatation 4»f gases 
by heat was published in 1801, In order to test the extent of 
the magnetism of the earth he ascended alone in a Imlloon 
the height of 7000 metres. He also brought down samples of 
air from this elevation, which he analysed, tn IHOB he pub^ 
Hshed the result of his researches on the combination of gases 
by volume, and established the law which usually bears bis 
name. After the discovery of sodium and potassium by Davy, 
Gay-Lussac, in association with Th^nard, discovered that these 
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oxides could be decomposed by iron at a high temperature and 
the metals more readily isolated. In 1816 he discovered 
cyanogen. In addition to these researches he made a large 
number of estimations of the solubility of salts in water, and 
introduced many improvements in analytical processes, notably 
in connection with the wet assay of silver. His last memoir, 
published in 1848, was on Aqua Regia. Gay-Lussac held many 
public oihces and received many honours, finally becoming in 
1839 a member of the House of Peers. 

He died on the 9th May 1850. 

{^Proceeding s of the Royal Society, voL v. p. 1013 (1850).] 

Thomas Graham, born in Glasgow, 21st Dec. 1805. He was 
educated at the High School and University, and studied chemis- 
try under Thomas Thomson at Glasgow, and after graduation 
attended the lectures of Hope and Leslie in Edinburgh. In 
1829 he was appointed Lecturer at the Mechanics Institute, 
Glasgow, azid the following year became Lecturer in Chemistry 
at Anderson’s College. In 1833 he published researches on the 
three phosphoric acids, and in 1836 was elected F.R.S, In 1837 
he was appointed to succeed Turner as Professor of Chemistry 
in the new University of London (University College). First 
President of the Chemical Society, founded 1841. Graham’s 
name is especially associated with tho study of gaseous dif- 
hision, of which ho anziouneed tho law in 1831, and investi- 
gations concerning tho diffusion of liquids. He also discovered 
the phenomena of the absorption of gases by colloids and tlio 
separation of the coixsiituents of gaseous mixtures by means 
of colloids and metals. 

Graham died in London on the IGth Kept. 1869. 

ILife and Worke of Thomm Umfutm, by It. Azigus Smith. 
GhiSgow, 1884. Obituary, Jonnu Ohenu Hoc*, vol. xxiii. p, 203 
(1870)0 

ANTOiNifl Lauhbnt Lavoisier, born in Paris, 26th Aug, 1743. 
Educated at the OolR^ge Masarin, He at first studied law, 
but soon took up xnathematics and zzatural science. Havizzg 
studied geology and mineralogy with Guettard, ho accom- 
panied him (1767) in his travels through the eastern parts of 
France, collecting minerals with a view to the Minoralogicnl 
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Atlas, published some years later. Tn 1705 ho sent his first 
paper to the Academy of Sciences. Though heir to a largo 
fortune he joined at this time the Ftrnie 4j/nt*ral€f a comimny 
of financiers to whom the State entrusted the collection of the 
indirect taxes. In 1771 ha married Mario Anno Pierrette 
Paulze at the age of fourteen yewirs. She devoted iiurself to 
the improvement of her edtication tiiid bocanio a very valuable 
assistant to her husband. After Lavoisior^K <loath she married 
Count Rumford (q.v*). 

In 1774^ after the discovery of t)xygen by Priostloy, liavoisior 
was able to give the true explanation of the prcK^ess of com* 
bastion, and having foxmtl oxygon in nearly all acids he gave 
to it the name pri^ictpe cxyifine^ and later orygHtf*, This nnti* 
phlogistic doctrine was also applied to the explanation of the 
increase of weight sustained by metals when calcined in the 
air. Lavoisier also showed that the commtm bases and acids 
consisted of oxides, and that by their tinion they formed 
salts. 

Many works of public utility were timlertaken by 
but he had the misfortune to live at the time of the Hevolittioii, 
and having been a member of the ** Fermo,” was condemned by 
the Oonvention, and on 9th May 1794 sufiered death by the 
guillotine in company with twenty-seven other fermiers 
g^n^raux. 

ILavoisier^ par Ed. Qrimaux. Paris, 1HH8. Vn 

torical Ohrnmtry^ T. E. Thorpe.] 

Justus von Lixbio, bom at Darmstadt, 1 2th May 
where his father was a colour manufacturer. He passed through 
an unsuccessful school career at the local gymnasium, and at 
the age of sixteen was apprenticed to an apothecary* Being 
as little fitted for pharmacy as for classical studies, his father 
allowed him to proceed to the University of Bonn and sub- 
sequently to Erlangen. The teaching of chemlstty in iHnrmwny 
being xuisatisfibotory he went to Paris, and after some difiloulty 
obtained admission into Oay-Lussac’s laboratory. In 1894 be 
was appointed Professor-extraordinary at Oiessen, and two 
years later ordinary Professor* Here he remained till called 
to Munich in 1869. He died on the 18th April 1878, In 
association with Wohler he studied the essential oil of bitter 
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almonds and its products, the investigation resulting in the 
theory of compound radicals. 

Iiiebig invented the combustion method of organic analysis 
and discovered a large number of compounds, including chloral, 
chloroform, and many cyanogen compounds, and jointly with 
Wohler many products from uric acid. He also studied many 
questions connected with physiology and agriculture, and 
showed the importance of mineral matters, especially potash 
and phosphates, as plant food. 

Liebig’s great and most permanent service to science was in 
the establishment of the school of chemistry at Giessen, 
where experimental research was for the first time made the 
distinctive feature. 

\The L%Je Work of Liehig. A. W. Hofmann. Journ, OJiem, 
k)Oc,f vol. xxviii. p, 1065 (1875). Liebig and His Influence on the 
Progress of Modern Chemistry. W. A. Tilden. Nature^ 24th 
Aug. 1911.] 

William NioholsoN;, born 1753, died 1815. Editor of the 
Journal of Natural Philosophy (1797-1815). Inventor of 
Nicholson^s Hydrometer. 

[^Dictionary of National Biography.'] 

Joseph Pexertlry was born at Fieldhead^ near Leeds, 13th 
March 1733. He received a grammar-school education, and at 
the age of twenty-two became pastor of a small Presbyterian 
congregation at Needham Market* After a time he adopted Uni- 
tarian doctrines, and became minister at Nantwich and tutor 
in Languageand Literature at Warrington Academy. In 1767 
he became minister at Mill Hill Ohapel, Leeds, and in 1780 re- 
moved to Birmingham. The opinions expressed in his volu- 
minous theological writings brought him unpopularity, which 
culminated in the destruction of his house, books, and 
apparatus by a mob. He then removed in 1791 to London, 
where he preached at Hackney, but in 1794 he emigrated to 
America and ultimately settled at Northumberland, Pennsyl- 
vania, where he died on 6th Feb. 1804. 

Priestley’s most famous discovery of oxygen was made 
1st Aug. 1774. He studied many other gases or varietios of 
air, and isolated ammonia and nitrous oxide. 
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\I)ictio7iary of National Bio(fra 2 ^hy* Hii^tory of Chemistrif* 
Thos. Thomson, Yol. ii,, 1831,] 

Louis Jacques ThiSnatii) (Baron Thr*uiird) wuh born on 
4th May 1777, at Nogen t-sur-Seine, in Ohiim|>agno» 'Pho 8f>n 
of a poor farmer who, howovor, coiitrivocl to give him a liberal 
education, he was sent to Paris at the ago of sixteen to sttniy 
pharmacy. Hero he studied under Vamptolin at tlu^ (‘ollego 
de France, and afterwards obtained an appointment at the 
Ecole Polytechniquo, where in a few yours luj bucamo Prob»ssor. 
Ho was associated with <lay-Ijussac in many chemicikl re- 
searches. His nmst important di«covt»ry was |ii»roxi<!e <*f 
hydrogen. His name is associated with a blue ctdour c«iit- 
taining cobalt. 

Th<5nard, after the Revolution of 1H30, was to the 

Houseof Peers with the title of Baron, lledied :Jist*laue IHfiT. 

[Obituary, Quart, Journ, tf the vob ii, p. 18:2 

(1869).) 


Friedrich WiiHUEU, Imrn Slst July iHtHX He enleretl the 
University of Marburg, but afterwards removed to Hoitlellierg, 
where he worked under the direction of <lnie!in« After taking 
his degree in medicine he proceeded to Btookhohn with tliu 
object of working in BersicUus’ lalHiratury. His earliest 
investigations were occupied with cyanic acid, and in IH2H, not 
long after his return to Germany, he announced his dis**overy 
of the artihcial production of urea. In 1825 he was iip^unitni 
to teach chemistry in the New Trade Behool in ilitrliiu In 
1827 he isolated aluminium. About this time lie Imcanio 
acquainted with Liebig and canduoted many researches jiiintly 
with him, notably the study of essential oil of ahnonds referred 
to in the text.' In 1831 W5hler was transferred to the Traile 
School at Oassel, and in 1835 he socoeeded Siromeyer as 
Professor of Chemistry in the University of Outiingeti. Herr, 
after a research on uric acid carried on in asmteiation with 
Liebig, he turned ohiejfiy to inorganic obemistry, in which de- 


' Their letters have been coUeoted into two volumes by BmHie 
Wdhler and A W. Hofmann. Brunswick, 1888. 
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partment he made many discoveries. He published 236 papers 
in his own name in addition to many others in which he was 
associated with Buff, Liebig, Beville, and other chemists. 

He died 23rd Sept. 1882. 

[Obituary, Journ. Ohem, Soc.^ vol. xliii. p. 258 (1883).] 
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CHAPTER J 

MAin’EK AND KNKlUiV 

It has already been poiutoil out in the Intruduction 
that chemical changes are attoii<ltKl by trausmutiv- 
tions in the form of matter, but never by any gain or 
loss in its amount. The dotstrino of the t!onsnrvation 
of matter teaches that ponderable things uro in<i«- 
structible, and that tho amount of matter in t.he 
universe, so far as its conditions aro yet known, 
is absolutely constant and invariable. Witluint. this 
fundamentel postulate no system of chenii.stry eonit! 
exist, nor indeed could tho present order tif lhing.H 
endure. This was practically acknowletlgcd so .stjon 
as the minds and tho writings of chomists wore froo*l 
from the influence of tho old theory of phlogiston, 
and hence we may say that it was adopted frcim tho 
time when Lavoisier’s oxplaiiation of combustion was 
accepted. 

A second equally important principle is, however, 
necessary, though its full recognition was doiayoii for 
another half-century. This is tho doctrine which 
aiflrms the indeatTuctibility of energy; but it required 
for its establishment the thought, observation, ami 
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JOtTLE’S WORK 


experiment of many generations of men. Newton 
had, no doubt, clear views of his own upon the sub- 
ject, and these received expression in his statement 
of the laws of motion ; but the experimental work of 
Rumford and Davy upon the production of heat by 
friction, were required to prove that such a form of 
energy as heat is not matter, as had been previously 
supposed. Measurements of the correlation of heat 
and mechanical work were not made till forty years 
later, chiefly by Dr. James Prescott Joule, of Man- 
chester. If the determination of the first precise 
quantitative relations bo regarded as the best foun- 
dation of exact knowledge, and if as we now believe, 
this kind of knowledge is essential to the formation 
of correct ideas concerning chemical changes, then 
the name of Joule deserves to be ranked along 
with those of Boyle, Lavoisier, and Dalton, who 
have successively, at different times, by different 
writers, and for different reasons, been invcsto<l 
with the title of Father or Fotmder of mo<lorn 
chemistry. Since the recognition of the fundjv 
mental idea that all chemical changes involve 
rcdistribiitiou but no destruction of energy as well 
as of matter, and that the same matter associated 
with different amounts of energy asstimoa very 
different fus|)octs and properties, the progress of 
chemistry ha*a boon more rapid than in any pre- 
vious period. 

It is, however, time that some explanation should 
be offered as to the modorii use of the word e^ifrgy, 
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and its application in connection with chemistry as 
well as other departments of physical science. When 
hydrogen combines with oxygen in due proportions 
the sole material product is water ; but another and 
very significant effect is produced during the act 
of combination, and that is tho evolution of heat. 
This heat is communicated to tho water formed and 
to the walls of the tube or other vc.ssoI in which 
the gases aro brought together, and it is thu.s soon 
dissipated. But tho amount of hojit thus pnslucod 
can be measured, and this is usually done by obser- 
vation of the rise of temperature in a given quantity 
of water into which tho heat is convoyed, or wimt 
comes to the stimo thing, the dotornnnation of tho 
amount of water, the temporattiro of which is raised 
one degree from zero. That amount of heat which 
will raise tho tomporattiro of 1 part by weight of 
water 1 degree is spoken of as X calorie or I unit 
of heat. Tho samo result can ho attained by observ- 
ing other thermal effects, as, for example, by noting 
the amount of ice melted. 

Now when 1 part by weight, say I grant • <if 
hydrogen, is burned in oxygen, and tho water fitrntoti 
is collected in tho liquid state, tho umoiint heat 
evolved is sufficient to raise tho tornpomture of almut 
34,000 grams of water or, in other wortls, 34,000 
calories or units of heat aro evolved. This includes 
a certain quantity of heat, about 5500 units, which 

‘ Throughout the book weights and zaeanurfHi of the nMrio 
system and degrees of the Oentigrade seal* will be used. 
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is given out in the change of the water from the state 
of vapour, in which it is formed, to the state of liquid, 
in which it is collected. The amount of heat pro- 
duced in this way is constant for unit weight of 
either hydrogen or oxygen, and whether combination 
takes place quickly, by exploding a mixture of the 
two gases in a strong vessel, or slowly, by burning one 
of the gases at a jot in an atmosphere of the other, or 
by bringing them together in the presence of spongy 
platinum which makes them combine, the amount of 
heat given out is always 5J4,000 calories per gram of 
hydrogen. From this wo learn that when hydrogen 
combines with oxygon a <lofinito quantity of some- 
thing is lo.st by the elements, aiul passes out of them 
in the form of heat: this something is oallod energy. 
The water whieh hsus been formed may bo made to 
yiohl up tho hydrogen and oxygen which have eom- 
hinotl for its fornnttion, hut this win only bo brought 
about on condition that tliat energy is rostorotl to tho 
two elements. This result may ho reached in several 
ways, Its by the action of a high temporaturo, or by 
tho use of an elecjtric current, or indirectly by tho 
use t)f chemical agents. 

If a penny is ruhlKnl hanl upon a hoard it hoeomos 
heated, and It is sjiid that by hammering a piece of 
cold iron a skilftd blacksmith cam make it oven rod 
hot. In both such ensos a sons© of fatigue in tho 
arm is swjii felt, and thoro is a constnousnoas that 
toorJfc tbos tltnie. If wo suhstituto for human 

effort tho falliitg of a weight, similar oifocts can bo 
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produced ; but just as jEatigue puts an end to the work 
done by the arm, so the fall from a higher to a lower 
level corresponds to work performed which cannot be 
repeated with the same mass until it is lifted up to its 
original height. The power of doing work, called in 
physical science energy, is capable of measurement, 
and may take many different form.s. For example, 
the arm whose muscular strength may he u.sod to 
heat a mass of metal by hammering or by rubbing, 
may be otherwise employed to turn the handlo of a 
machine by which a coil of copper wire is nuule to 
rotate in the hold of a magnet, and thus an oloctric 
current may bo produced in the wire. The <Jurront 
flows so long as the work is being done, an<l it 
ceases immediately upon the cessation t»f the motion. 
Further, it is a familiar tact that when a current 
of electricity flows through an iniporfccst conductor 
electricity disjippcars, and the (jomluctor l>ocomos 
heated. An exam}>lo of this i.s .scon in the com- 
mon incandescent ole<strit! lamp, in whiesh a throtul 
of carbon or of metal i.s hcjitod till it gives out a 
brilliant light. 

Observations of such a kind must, however, bo 
supplemented by measurements of the amount of 
heat or of electricity proiluced when a given amount 
of work is done. The problem Is to find a suitable 
unit of work, and this is provided by gravitation. 
The question is, first, what amount of work must be 
done in order to produce heat enough to raise the 
temperature of unit mass of water one degree 7 and 
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secondly, supposing the water allowed to cool down 
again, and the heat which passes from it made to 
do work, how much work will be done ? Answers to 
these questions are supplied by the investigations 
made by Joule, and published in 1843 and following 
years. The results which are considered most trust- 
worthy were obtained by the following process. The 
work done was the descent of a mass of load from a 
certain measured height to a lower level, and the 
heat corresponding to this was generated by causing 
this weight in its descent to move a paddle working 
in a vessel containing a measured quantity of water, 
and provided with fixed projections within, so as to 
prevent the water from being whirled bodily round. 
The friction thus caused gave rise to heat, and so 
the temperature of the water was raised through a 
certain number of degrees which could bo determined 
by delicate thermometers immersed in the water. 
By this means it was found, as the mean result of a 
number of successive concordant experiments, that 
the descent of a weight of 424 grams through a dis- 
tance of 1 metre, or 1 gram falling 424 metres, gene- 
rates heat enough to raise the temperature of 1 gram 
of water 1® C. The same facts may be expressed 
in English weights and measures, by saying that the 
fall of 772 lbs. through 1 foot, or of 1 lb. through 
772 feet, gives a rise of 1° Fahr. in 1 lb. of water. 
The numbers, 424 gram-metres or 772 foot-pounds, 
according to the system chosen, represent the 
mechxmical equivobUnt of heat, and are often spoken 

0 
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of as Joule’s equivalent, and represented for inathc* 
matical purposes by the letter J J 

Other methods have been used, both by J oulo and 
others since his time, such for example as the 
measurement of the heiit generated by the friction 
of two metallic surfaces upon each other under deter- 
mined conditions, and with approximately the same 
result. 

Bearing in mind, then, that a definite quantitative 
relation is now established between mechanical work 
performed and heat generated when the work is all 
expended in friction, and that the same relation can 
be traced whether the work is transformed directly 
into heat, or is first mado to generate an electric 
current, which is afterwards converted into heat, it is 
obvious that heat is not a substance but a mechanical 
effect, and, as now universally believed, the effect of 
vibratory or other motion in the particles of the 
heated body. Wo may now return to the ciuestion 
involved in the phenomena of chomicjil combination 
and decomposition. 

^ The value of the mechanical equivalent given in the textapplica 
to the abort range of temperature, which waa, of oour^e, near to 
common air temperatures, employed in tiie experimentH. The 
specific heat of water increases as the temperature Is raised, and 
the value for higher temperatures would therefore be greater^ Pro- 
fessor Osborne Reynolds has made an elaborate Maries of expert 
ments, in which the work done in raising the tomiKjrature of water 
from freezing to boiling point has been determined. Tite meaii 
value deduced from theae experiments for this range of tempera- 
ture is about 777, and this corresponds to a value slightly higher 
than Joule’s, namely, 773-7 for X"* Fahr.nt GO* Falin— TVont*, 
X897, A. 
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It is clear, irom what has already been said, that an 
element usually diflfers from a compound not only in 
containing only one form of matter, hut in having a 
power of doing work ; that is, a store of energy which 
is more or less dissipated and lost when the element 
enters into a state of chemical combination.^ The 
process of separating an element or other substance 
from a compound in which it is held by chemical 
affinity is comparable with the operation of raising a 
weight. In each case work has to be expended from 
some source — human, animal, or mechanical power, 
the falling of water, the pressure of the wind, the 
rising of the tide, the heat of the sun, or the chemi- 
cal process involved in the burning of coal. Hence, 
to revert to the case of water, which is formed 
when hydrogen and oxygen unite together, it must 
now be obviotis that, to separate the united hy- 
drogen and oxygen, work must be done equivalent 
at least to the heat generated in the act of combi- 
nation. 

An element, then, is matter combined with poten- 
tial energy.® This energy by appropriate means 


^ This is. of coarse, not true in those, not rare, but mach less 
frequent oases in which '* endothermio ” compounds, such as carbon 
bisulphide, arc formed, the production of which is attended by 
absorption of heat, and their decomposition therefore by evolution 
of beat. 

* Lavoisier in his famous TVaif^ iHnwntalrc dc Okimie (17S9) 
represented oxygen gas as made up of the matter of oxygen com- 
bined with caloric, the hypothetical cause of heat. This view of 
the function of “caloric” is very similar to the modern doctrine 
of energy, but was awaiting quantitative exprossion. 
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may be allowed to run down, either all at once or by 
stages, as for example in the ease of sulphur, the 
burning of which in oxygen may be arranged to 
produce sulphur dioxide, SOj, or sulphur trioxi<lo, 
SO3. An element which htis been sepaiutod from 
chemical combination with other elomonts may, 
however, in some eases be compelled to take up an 
additional store of energy. This change may often 
be accomplished by the application of heat. Tho 
product is spoken of as an “allotropic” modifica- 
tion, or simply as an aUotrope of tho element. If 
sulphur, for example, is melted, and the resulting 
liquid raised only a few degrees above tho melting 
point of common sulphur, a new substance is formed 
which crystallises in rhombic prisms, having a dif- 
ferent form and a different density from common 
sulphur, the crystals of which aro rhombic octa- 
hedrons. Or by heating the liquefied sulphur still 
further, it may be obtained in the form of a plastic 
mass wholly devoid of crystalline structure. But 
both these modifications revert in time to tho 
common kind, and the change is attended by evolu- 
tion of heat. Similarly, red phosphorus may bo got 
from common white phosphorus by heat, opsone from 
oxygen by electricity, graphite or the diamond from 
common charcoal, by dissolving it at a high tempera- 
ture in melted iron, and allowing it to crystallise 
under pressure when cooling. In all these cases the 
same matter is concerned, but different amounts of 
energy are hound up with it, and different amounts 
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of heat are therefore generated when equal quan- 
tities of the various allotropes of any one element 
enter into chemical combination. Thus, 1 gram of 
each of the three chief varieties of carbon burnt com- 
pletely in oxygen give the following amounts of heat 
expressed in ordinary units : 


Diamond ....... 7770 

Graphite (natural) ..... 7797 

Graphite (from iron) ..... 7762 

Wood-charcoal ...... 8080 


The possibility of the conversion of one element 
into another, as, for example, the transmutation of 
silver into gold, is a question which even in these 
days, so remote from alchemical times, has not been 
entirely set aside. But although the lUea that”the 
elements may have had a common origin, or may 
contain common constituents, may be admitted as 
worthy of discussion, evidence of a direct kind for 
either of these propositions is absolutely wanting. 
Such considerations as have been brought into the 
discussion have been derived chiefly from a com- 
parison of the atomic weights, or from changes 
supposed to have been observed among the “ radio- 
active ” elements, which will form the subject of 
later chapters. 

The combination of hydrogen with oxygen is 
attended, as already stated, by the formation of a 
definite amount of water and the evolution of a 
definite amount of heat. The determination of the 
quantity of heat thus disengaged has occupied at 
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different periods many of the most distinguished 
chemists, from the time of Lavoisier onwards. The 
experiments of Lavoisier were made with the ieo 
calorimeter, and subsequent determinations, in which 
the heat of union was cominunicatetl to water, wore 
made by Dulong, by Favro and Hilbennann, and by 
Andrews. The examination of other caisos of com- 
bination have led to the establishment of the impor- 
tant general principle, that every chomi<faI change, 
whether of combination or decomposition, is accom- 
panied by the evolution of a definite amount of boat, 
which is the same as saying that a definite amount 
of energy, previously existent in the bodies concerned, 
becomes dissipated. This is the first principle of 
that department of science which is called “ thermo- 
chemistry.” 

One of the first serious workers in this fieltl mm 
Professor Thomas Andrews of Belfast, and though 
later experimenters have improved upon his methods 
and results, his name deserves to ho romemborotl ns 
a pioneer in this difficult department of experimental 
inquiry. One of the most important series of experi- 
ments carried out by Andrews relates to the heat 
developed during the combination of acids and bases 
in aqueous solution.* Prom these experiments ho 
drew the conclusion that the heat developed during 
the union of acids and bases is determined by the 
base and not by the acid. In this he was mistaken, 

* J2. Iri*h Aeadtmp, 1841 { rpprint 0 d in th# TOtniBC of liUi 

ooUeoied SeittUiflo Papert. 
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for it appears that the heat produced by the neutrali- 
sation of an acid by a base is an effect to which both 
contribute, though in proportions which depend upon 
their chemical nature, as will be explained later (Chap. 
VIII). One of his general laws,^ which states that 
“ an equivalent of the same base combined with dif- 
ferent acids produces nea/rly the same quantity of 
heat,” has been confirmed by later researehes, and has 
been explained by a hypothesis, of which an account 
will be given in a later chapter. Andrews also made 
determinations of the heat produced in other chemi- 
cal changes, including the amount of heat disengaged 
during the combination of various substances with 
oxygen and with chlorine. 

About the same time thermo-chemical researehes 
of considerable importance were being carried on by 
the Russian chemist Hermann Hess. As the result 
of his experiments on the neutralisation of acids 
diluted with different proportions of water, he was led 
to the enunciation of the principle that the sum of 
the several amounts of heat evolved during the suc- 
cessive stages of a process are the same in whatever 
order they follow one another; in other words, the 
effect is dependent on the relation of the final to the 
initial state of the system, and not upon the inter- 
mediate stages. On neutralising an aqueous solution 
of ammonia with sulphuric acid containing one, two, 
three, and six proportions of water there is a different 


* Briti$h A$sociation Report for 1R40, p. (JO. 
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development of heat in each ease ; but by adding to 
the results found by experiment in the last three 
eases the quantity of heat evolved when the mono- 
hydrated acid combines with one, two, and five pro- 
portions of water, nearly the same value is obtained 
in each case. Andrews thought this principle correct 
but self-evident. It is, however, of such importimco 
that its experimental verification was very desirable. 
By the application of this principle it is pos.sibIo to 
calculate thermal changes which are not capable of 
direct experimental determination. The heat evolved 
by the formation of carbon monoxide, for example, 
cannot be ascertained by burning carbon in oxygon ; 
but by observing the heat ovolveil in the proiluction 
of carbon dioxide, and then determining the lieat 
produced by the combustion of carbon monoxide 
itself, the difference between the two affortls the 
number required. One part by weight of esarbon 
burnt to carbon dioxide gas gives 7797 units of boat, 
but 2'33 parts of carbon monoxide g»is, which con- 
tains the same quantity of carbon, gives 6607 units. 
Now, if the amount of heat given out when the first 
atom of oxygen unites with the carbon were the same 
as that prod^iced by the second atom, the total amount 
of heat evolved when carbon burns into carbon 
dioxide would be 6607 X 2, or 11,214 units. But the 
actual amount observed is only 7797 units ; the union 
of the first atom of oxygen forming carbon monoxide 
is attended by the evolution of 2190 units; the 
difference, 3417, therefore must represent the heat 
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rendered latent when solid carbon is converted into 
the gaseous oxide. 

Nearly all chemical changes are associated in a 
similar way with physical changes, and hence in the 
great majority of cases the interpretation of the 
results is encumbered with serious diflEiculties. This 
is the case even when all the products remain in the 
same state, gaseous, or liquid, or solid, as the materials 
employed, for there is usually a separation as well as 
a combination of atoms even in cases which appear 
most simple. The union of hydrogen with oxygen, 
for example, is not merely 

H3+O-H2O 

but 

2H2 + 0a=2H20, 

from which it appears that the oxygen molecule is 
divided in this process into two parts. 

Since the days of Favre and Silbermann, of 
Andrews and of Hess, the problems presented by 
the thermal changes which accompany chemical 
changes have been studied in great detail by Pro- 
fessor Julius Thomson in Ooponhagon, and later by 
Professor Borthelot in Paris. 

Thomson’s first memoir appeared in 1853, and 
from that date down to the time when, more than 
thirty years later, ho completed his groat work in 
four volumes, TJiermodi&misohe Unterauchv/ngefn,, the 
author pursued without interruption the systematic in- 
vestigation of which he had laid down the plan so long 
ago. In this work the phenomena of neutralisation 
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are first investigated, the succeeding volumes being 
devoted to the determination of the heats of forma- 
tion of the more important oxides, chlorides, hydrides 
of the non-metals, and then of the metals, the consti- 
tution of aqueous solutions, the heats of combustion 
of organic compounds, and the thermal phenomena 
attending isomeric change; in fact, a body of <lata 
is provided which relates to all kinds of chemical 
changes, and is available for tho use of theory in 
every department of the subject. 

Berthelot tells us in the preface to his book 
that it was in 1864 he began to study thermo- 
chemistry. In 1879 he brought out his treatise 
entitled Esaai de M4ohaniqt<^ Chimiqw, fmvdie mr 
Ixi Th&rmochi'/me. This work embodies tho chief 
results of all his researches on tho subject which 
had been from time to time communicated to tho 
Anncdea de GhvmAe et de Phyfdqtip, where they 
occupy more than two thou.sand pages. Tho auth<»r 
sets forth in his introtluction the throe propt>8i- 
tions which he regards as fundamental. Tho first 
of these states that the heat disengaged in any 
reaction is a measure of the chemical and phy»i<5al 
work accomplished in that reaction. The second 
aifirms the dependence of the thermal change upon 
the relation of the final to tho initial state of the 
system; it is in fact the principle established by 
Hess, as already explained. Tho third proposition 
was introduced by Berthelot himself, under the title 
of the “ Principle of Maximum Work.” This it will 
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be well to state as nearly as possible in the words of 
the author himself, inasmuch as it has been the 
subject of very severe criticism. 

“Every chemical change accomplished without 
the aid of external energy tends towards the pro- 
duction of that body or system of bodies which gives 
out the greatest amount of heat.” As a corollary 
from this, he adds that “every chemical reaction 
which can be accomplished without the assistance 
of preliminary work, or of energy external to the 
system of bodies concerned, proceeds necessarily if it 
is attended by evolution of heat.” ^ 

Here is a doctrine at first sight attractive in no 
ordinary degree, and which, if established, would 
appear to account for much that would be otherwise 
obscure. But unfortunately it is expressed in terms 
which are far too general, and is manifestly in oppo- 
sition to well-recognised facts. In the first place, 
“ endothermic ” compounds are sometimes formed 
spontaneously, and in most cases of combination 
which is attended by evolution of heat the process 
is retarded and ultimately stopped, unless the heat 
generated by the union of the first portions of sub- 
stance is conducted away out of the system. Am- 

^ ** Tout changement obimique aoconipli sans rintervention d'uno 
dnergio dtrang^r© tend vers la production da corps ou du syst^me 
de corps qui ddgage le plus de chaleur/* And as a corollary from 
this» ** toute rdaction chimique susceptible d’^^tre accomplio sans le 
ooBOOurs d*un travail prdliminaire et on dehors de rintervontion 
d'une dnergie dtrang&re ^ cello des corps presents dans le 8yst^me» 
se prodult ndeessairement, si elle ddgage de la ohaleur.’^ — 
vob In Introduction, xaeix. 
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monia and hydrogen chloride, for oxainplo, unite at 
common temperatures to form solid sal-ammoniac, 
and in this process hejvt is evolved. The con.scqxioiioo 
is that until the whole is allowed to cool IjoIow the 
temperature at which it is known that sal-ammoniac 
is resolved into these two giiaos, a jxjri.ion of the 
materials remain separate, notwithstanding that their 
union would bo attended by evolution of heat. The 
same kind of thing is true of all roversiblo reactions, 
that is, all chemical combinations which are pre- 
vented by rise of temperature and pronioted by fall 
of temperature. 

Nevorthelass Bertholot’s prijuaplo, if applied with 
duo limitation, docs seem t<j accor<l with a number 
of familiar facts. The displacement, ft»r o.vatnple, of 
iodine by bromine, and of bromine by chhjrino, in the 
eombination.s of those elements with hy<lrogen and 
the metals, and their apparent order of affinity in such 
compounds, is in accordance with the thermal rela- 
tions of these elements, as shown by the following 
statement of the heat protlucod by the combination of 
hydrogen with equivalent quantities of each of them ; 


Foraaula-weighta in grama. OnioriM. 

H+01'4'4HsO givB 39390 

H 4 4 4£[j|0 ,, 98380 

H4I 44H,0 „ I8I70 


Similar relations may be noticed among the metals. 
In such a series as iron, copper, silver, merouiy, for 
example, where the apparent affinitaes for chlorine or 
oxygen are manifested in the order in which th^ 
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axe written, on the one hand by the displacement by 
each one o£ those which follow it in the list, and on 
the other by the heat of formation of their salts, 
which stands in the same succession. 

The chief object of quantitative thermo-chemical 
investigation is, according to Julius Thomsen,^ the 
establishment of d3rnamical laws relating to chemical 
processes ; but how little progress towards this object 
has been at present accomplished is manifest from 
the brief sketch which alone it is possible to give 
in these pages. Noth withstanding the labours of half 
a century, thermo-chomistry remains for the most 
part a mass of experimental results, which still await 
interpretation. For, apart from the assistance which 
such results afford towards the establishment of the 
doctrine of the conservation of energy, it is plain that 
successive attempts at generalisation have been unsuc- 
cessful when considered in a strictly scientific sense. 

One direction, indeed, in which the relation of 
heat to chemical affinity has been studied with 
much advantage, is in the examination of those 
reversible chemical changes which are commonly 
brought about by change of temperature. The term 
dimoaiation ® was introduced by Sainto-Claire Deville, 
in ISST, to dasignate decompositions of this kind, 
and, though it was but slowly accepted by the 
chemical world, it has now become firmly embedded 
in the language of science, 

^ Th&rm. U'fUersuchungen^ vol. i. 8, 

^ De la dissociation ou ddeomposition spontande des corps sous 
rinfluenoe de la obaleun*' — Oompt* JHend.^ 45, 867, 
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So long ago as 1846 it was discovered by Grove * 
tbat water is decomposed into a mixture of oxygen 
and hydrogen by contact with intensely heated 
platinum. The experiment was afterwards rcpeate<l 
by Doville, who found that decomposition begins at 
a temperature of 960° to 1000°, but that it proceeds 
to only a limited extent. If, however, any means 
be taken to separate the resulting gastJs from each 
other, the decomposition may be carried much fur- 
ther. Regnault found, for example, that steam passed 
over molted silver is decomposed more freely, ap- 
parently because the oxygon is absorbed by the 
molted silver, which gives it off again on solitlifyiiig. 
These effects are not <luo to any <!honucal u»!tion 
on the part of the metal, but are the result of tins 
high temperature to which the vapour is 4*xp«».sed, 
Hydrogen and oxygon <‘mnbino together t:umplelely 
at lower toinporatures. Results k?> mmarkable »is 
those did not attract the attention they ttesorved 
till some years later, when the systomatie stuily of 
vapour-densities led to the discovery that a largo 
number of familiar compounds, commonly reputofl 
stable, are dooomposible at various tomporaturos in 
a similar manner. In each case the products of 
dissociation reunite on cooling, producing the original 
compound. Sulphuric acid, for example, converted 
into vapour is no longer sulphuric acid, but a mix- 
ture of vapours of water and sulphur trioxide, which 
on cooling reunite. By conducting the operation in 

* JPhU. Tram. Bakar^ Leotnre for 1846. 
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a flask with, a long neck through which air may be 
made to pass, the water vapour, being the lighter 
of the two, diffuses away more rapidly, leaving a 
preponderant quantity of sulphur trioxide behind, 
which, if the process is continued long enough, 
crystallises from the residue when allowed to cool.^ 
In a similar manner it has been shown that sal- 
ammoniac when vaporised yields a mixture of am- 
monia and hydrogen chloride ; that phosphoric 
chloride is split up into phosphorous chloride and 
chlorine ; that ammonium carbonate is resolved into 
ammonia, water, and carbon dioxide. In all these and 
many other cases the dissociation proceeds gradually 
as the temperature is raised, till it becomes complete 
at a temperature which is peculiar to each case; it 
is promoted by reduction of pressure, and diminished 
by increase of pressure, or what is practically the 
same thing, by heating in an atmosphere consisting 
of one of the products of dissociation. 

Previously to the discovery of those facts, much 
perplexity had been caused by the observation that 
the vapour-density of subataiiccs such as sulphixric 
acid and ammonium chloride was only about one- 
half of what was expected. This wjis certainly one 
reason for the tardy adoption of Avogadro’s principle 
in settling molecular weights. (See Chap. I IT.) 

A history of the progress of thermo-chemistry, 
though professedly brief, would bo in some danger 
of conveying an erroneous impression if a passing 
> Wanklyn and Robinson. Proa. Boy. Soo., 12, B07 (1863), 
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reference were not made to the nature of the work 
undertaken by other chemists and physicists who 
have occupied themselves with the subject. Among 
the rest, we owo to Marignac tho determination of 
the specific heats of a uuniber of saline solutions, 
and the thermal phenomena which ensue on <lihiting 
them (1870-7(5); to A. JHorstniami a <faroful study 
of tho progress of dissocnation of a number of com- 
pounds, such as hydrogen ioditlo, ammonium tshlorido, 
ammonium earbonate (18(58-78); to Alexander Nau- 
mann one of tho earliest ami most instnudivo syste- 
matic treatises on thermo-chemistry {(f-nnuiriKH tier 
Tl^ermochem/ie, 1869); ami lastly to Ih'«>fossar «l. 
Willard Gibbs, tho application of the principles oi’ 
thermo-dynamics to many thermo-chemical pro- 
blems. His name is prinei|)ally jussociated, in con- 
nection with chemistry, with tho introdmition of 
the “Phase Rule,” of which an account is given in 
most modem text-books. 


BIOGRAPHICAL NOTES 

TH0UA.B Andbbwh waB born at Belfast, 19th Boo. 1813. 
After early education in Belfast, he want to dlasgow, tu study 
chemistry under Thomas Thomson. He oontinu^ his studies 
in Trinity College, Dublin, and after some time tu Dumas’ 
laboratory in Paris. He graduated M.D,st Bdiubui^h in 1835. 
Returning to Belfast, he at first practised medicine. In 1845 
the Queen’s Colleges were founded, and Andrews was appointed 
Vice-President and Professor of Chemistry in the Belfast 
Collie. These offices he held till 1879, when he retired. Be 
died on the 6th Nov. 1388. 
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In addition to the thermo -chemical work mentioned in the 
text, and his discovery of the continuity of the gaseous and 
liquid states of matter (Chap. IX), Andrews conducted, jointly 
with Professor Tait, of Edinburgh, a research on ozone, in which 
they proved that ozone is an allotropio and condensed form of 
oxygen {Phil, Trans. ^ 1860). 

[Obituary, Ptog. Boy, Soc.^ 41, 11 (1887). Memoir intro- 
ductory to volume of Scientific Papers, collected by Professors 
Tait and Orum Brown. (Macmillan, 1889.)] 

Pierre ExjgSjnb MARCEnniN Berthelot was the son of a 
physician, and was born in Paris, 25th Oct. 1827. After 
passing brilliantly through a classical school career, he studied 
chemistry in the laboratory of Pelouzo, and passed the univer- 
sity examinations for B. and B. cs Sciences. In 1851 he 
became lecture assistant to Balard, tho discoverer of bromine, 
Professor in tho College de France. Berthelot’ s thesis on the 
synthesis of animal fats procured for him his doctorate. Soon 
afterwards he began his systematic work on the synthesis of 
organic compounds. For some years he held tho professor- 
ship of chemistry at the JBcole Suporieure de Pharmacia, 
but in 1865 he was called to a special chair of organic 
chemistry in the College de France, which he occupied till his 
death. 

Berthelot, in conjunction with Pcan de Bt, Gillos, was ono 
of the first to study the intei’actiou of alcohols with acids, 
and showed tho establislunent of a condition of e<iailibriuxn. 
Berthelot began njsearches in thormo-chomistry In 1864, and 
the results ax’c embodied in his Mixaiiiquc Uhvmiqne, published 
in 1H79. 

Hu published a few years later his work on thu explosion 
wave in gases. In his rosearoUes on synthesis ho ma<le fre- 
quent use of the silent electric discharge, and in later years 
was able to show the iutluenco of electricity on vogotatioii. 
Ho was the fii*st to pohxt out that atmospheric nitrogen is 
hxed in the soil by bacteria. 

He died in Paris, 1 8th March 1907, and is buried in tho 
Pantheon. 

I** Berthelot Memorial Lecture,” H. B. Pixmn Jounu 
Hoe., 91), 235.1 <1911 ).i 

n 
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Etienne Henri Sainte-Claire Devili^e was born 11th 
March 1818 at the island of St. Thomas, W.I. Educated in 
Paris, he graduated as D. cs Sciences and M.B. His first 
appointment took him to the Faculty of Besan^t)n iu 1846. 
Here he discovered nitric anhydride, NoO-. Tn 1851 ho was 
recalled to Paris as Professor in the ficole Norrnalo, and begun 
researches on the platinum metals and on the production of 
aluminium oti the large scale by WohU»r’s process* His most 
important work was devoted to the stinly of vapour densities, 
and resulted in the discovery and explanation of the pheno- 
mena of dissociation. 

He died 1st July 1881. 

[PoggendorfTs Ha 7 i(lv)orierlmch^ vols. ii. and iii. Iliograpliy 
by H. Hebray. Remie ScieJiiiJique de la France ct tia 
3rd ser*, 3, 1 (1882).] 

PiERUK Lours DunoN(», born at Kouen, 12th Feb. 1785. 
Died at Paris, 19th July 1838. Sucottssively Professor of 
Chemistry at the Faculty of BeJences, at the Normal Hohool, 
and the Veterinary Oollego at Alfort, then Pn>fossor oi 
Physics at the Polytechnic School, Paris. 

[PoggendorfiTs J/afulv^lerhach/J 

PiERRM Antoine Favrk, born 20th Feb. 1813. at 

the ilcole cle Medecine, and Chef dea Travaux do <thiiiuo analy 
tique 4\ TEcole Contralo, Paris. In 1851 irunsferrud to the 
Chair of Chemistry in the Faculty oi Hciences, Marseilles. 

Died at Marseilles, 17th Feb. IHHO, 

[Poggondorfi:’*s Jjfan<ltalft'le9*/jHch,J 

JosiAH Wir^TiAHO (lumH WHS born at New Haven, Uoiiii,, 
11th Feb. 1830, and died 2Hth April 1903. After grtnluatiiig 
and spending a few years in New Haven, he came to Euro|ie, 
and continued his studies in physics and matlienmtics iti Parts, 
Berlin, and Heidelberg, returning to Amerioa in 1800. lit 
July 1871 he was elected Professor of Mathematical Physics tit 
Yale, 

[Obituary notice, Procsedtruja of the Koyal Society, 10U4.] 

William Borert Grove, born 1811, Barrister, and after* 
wards (1871) Judge of Court of Common Pleas ; knighted 
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1871 ; Privy Coujacillor, 1887. He was for some time after 
1847 Professor o^ Experimental Philosophy at the London 
Institution. He invented the Grove nitric acid battery and 
the gas battery in 1839, and published Correlation of Physical 
Forces in 1846. He died 1896. 

[Dictionary of National Biography, 1 

Germain Henry (Hermann) Hess, born at Geneva, 7th 
Aug.' 1802. He was taken by his parents in early childhood 
to Piussia. After travelling in Siberia, he became Professor 
of Chemistry in the University of St- Petersburg. Died 
30th Nov. 1850. 

[Poggendorff’s IIandworterhiich,'\ 

August Friedrich Horstmann, Hon. Professor of Theo- 
retical Chemistry in the University of Heidelberg. 

James Prescott Joule, born at Salford, 24th Dec. 1818. 
He studied physical science under Dalton at Manchester. 
He succeeded his father as a brewer, but after misfortunes in 
business, received, in 1878, a Civil List pension. He died at 
Sale, 11th Oct. 1889. 

[Obituary, Jourfu Chem, ^Sfoc., 57, 449 (1890).] 

Jean Charles Galirsard be Marignac was born at 
Geneva, 24th April 1817. He studied in Paris, and after a year’s 
travel in the north of Europe, entered Liebig’s laboratory at 
Giessen. Here he worked on naphthalene and phthalic acid, 
his lirst and last essay in organic chemistry. He became Pro- 
fessor Chemistry in the Academy at Genova, and subse- 
quently also Pr-ofessor of Mineralogy. The Academy developed 
into the University, and Marignac came into occupation of 
a fine lalniratory. In 1878 the con<iition of his health obliged 
him to retire, and he established for himself a laboratory in 
his own house. He died on I5th April 1894. 

Marignac determined with great accuracy the atonuc weighte 
of a large number of elements. He devoted many years tt> 
the investigation of the earths of the cerite group, and dis- 
covered yttorbia. About 1870 Marignac proved the iaoinor- 
phism of the fluoxyniobatos with the liuo-sults of tin and 
tungsten, and established the formulae of niobic (eolumbio) and 
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taiitalic pentoxides. He also settled the formuhe of silica 
and zirconia as dioxides, and discovered silico-tunigstic and 
other complex acids. His woi’k on the specific heats of solu- 
tions is referred to in the text, 

[‘^Marignac Memorial Lecture,’’^ P. T. Clove, Jourji. Ohem, 
Soc., 07, 408 (1895).] 

ALEXAnOKK ISricoLATK Fhan55 Napmaxx. Hiuco 1882 Pro- 
fessor of Chemistry in the University of 'i'ubingon, 

Isaac Nkwton, born at W’^oolsthorpe, HU2* die<l at Konsing- 
ton, and was buried 28tli March 1727 in Westniinstor Abl>ey. 

The famous mathematician and natural philosopher, Lucasian 
Professor at Cambridge, Prositlont of the Ki^yal iSticiety. 
Knighted by Queen Anno, 1705. 
lIHctionui'y of Naiimial IHinjraphy,^ 

Hknrt VrcTtm RicuNAri.T was born at Ai x -la iimpoHe 
(Aachen), duly 21, 1810. Owing to the loss of his parents, he 
was not able to commence his education till ut the age of 
twenty he entered the flcole Polytechnitpio. 

A few years later he l^ecame joint- Pn>fe«»or irf Asmiying at 
Lyons. His most in\portajiit chemical researches relaiiul to the 
halogen substitution ilerivatlves of ethylene and i)thi»r relatives 
of the ethyl group, of which he discijveruil many, imdudiitg 
carlKm tetraciiloride and perchloi inaiud ether, In 

1840 he returned to Pai'is, and in 1811 was vlectinl to the 
Chair of Physics at the College do France. 

Henceforth he devt>ted himself U> physIvH, He made a largt^ 
number of accurate <leteriuinatii>mi of ti{»ecttic heat by the 
method of mixture ; ha invented the atr thermometer, ami 
carried out a long serioH of exiwinitiiits on the <hiitsity and 
expansion <»f mercury, and on the speciltt' heat am! vapour 
tension of water at various temperatures. He a!sc» redeter- 
mined the coefilcient of expansion of air and other gases, 
and corrcHited the somewhat crude results obtained in tlie 
earlier experiments of Dalton and Gay-Lussac, 

In 1854 he became director of the puroelain wt»rks at Hitvros, 
and devoted much time to the improvement of oeramio prin- 
cesses, He died 19th Jan. IB7H* 

[Obituary, T. H. Norton, Naiur^^ Jan. 31, 1878.] 
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Benjamin Thompson, Count Rumpord, born 26th March 
1753, at Rumford (now Concord), in New Hampshire, United 
States of America. He began life as a schoolmaster at Bradford 
(Mass.). The War of Independence breaking out, he was made a 
Major of Militia, but owing, apparently, to jealousy on the part 
of his brother officers, he was driven to join the royalist troops, 
and came to England in 1776. Here he rendered himself use- 
ful to the Ministry, and received a commission as Lieutenant- 
Colonel for service in America. Returning again to England, 
he received permission to travel on the Continent. In 1785 
he entered the service of the Elector of Bavaria, and for his 
public services received the title of Count, In 1799 he re- 
turned to England, and engaged in the foundation of the 
Royal Institution in London, the purpose of which was to 
encourage the application of science to all kinds of useful 
purposes. He was instrumental in engaging Thomas Young 
and Humphry Davy as the first professors. Rumford was the 
first to prove the quantitative relation between heat and 
mechanical work. 

Returning to the Continent, he married, iix 1805, Madame 
Lavoisier, widow of the chemist, and purchased a house at 
Auteuil, where he died 21st August 1814. 

[^Me^noir published in connection with an edition of his works, 
by the American Academy of Ai'ts and Sciences, about 1870, 
By G. E. Ellis.] 

Johann TheobaxuD Bilbbrmann, born 1st Doc. 1806. 
Employed at the Conservatoire des Arts ot Metiers, Paris, 
and at the Sorbonne. Associated with Eavro in thermo- 
chemical researches. Died in Paris, July 1866, 

[PoggendorlPs Handwih tm*huchJ] 

Hans PiiiTKH Juikirn Jumuw Thombkn was born in Copon- 
hagon, 10th Feb. 1B26. While a very young man, Thomson 
patented a process for obtaining alumina and soda from 
cryolite, and this developed into a manufacture of consider- 
able importance in Denmark and some other countries. But 
Thomsen will be remembered cluefty for his important thermo- 
chemical work, of which the results are embodied in his 
Thermocl\,emi»c{^ Vni&rmchungen. In 1865 he became u teacher, 
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and a year later Professor of Chemistry in the University of 
Copenhagen. He retired in 1901, and died on 13th Feb, 
1908. 

[“ Thomsen Memorial Lecture,” T. E. Thorpe, Journ, Chtm, 
Soc.j 97, 161 (1910),] 



CHAPTER II 


THE CHEMICAL ELEMENTS: THEIR DISTRIBUTION IN 
NATURE, AND RECOGNITION BY THE CHEMIST 

The word “element,” apart from poetical usage, is 
now universally understood to mean a substance 
which, though it may pass through many trans- 
formations, is always recoverable undiminished in 
quantity from any chemical combination into which 
it may enter, and is not by any known means re- 
solvable into two or more distinct kinds of matter.^ 
Sulphur, for example, is regarded as an elernent, 
notwithstanding the allotropic changes which it 
undergoes under the inttuenco of heat, because from 
sulphur in any of its known forms nothing can be 
abstracted which is not sulphur; in other words, it 
is homogeneous, and consists in its most minute 
parts of one kind of substance. On the other hand, 
water and iron rust are roganlod as compounds l^o- 
causo in proportion as, by suitable moans, either of 
them is destroyed two kinds of now matter make 
their appearance, and the united weights of the 
products of “ decomposition ” are equal to the weight 

' This diifinition, though valid for all tfho ordinary olemontiH, rti- 
quires some raodifioation in the oases of the radio-aotivo (demonts 
(Chap. X). 



S6 THE PEOGHEaS OP SCIENTIFIC’ CHEMISTRY IQHAP. 

of the “ compound ” body from which they are 
educed. These ideas date from the time of Kobert 
Boyle. In his “Sceptical Chymist” (1680), ho 
demonstrated the inconsistencies not only of the 
ancient Aristotelian doctrine of the Four Elements, 
but showed how little of foundation in fact and 
how much of imagination was to bo found in the 
alchemical doctrine of the Tria jwmui current in his 
day,^ Boyle not only insisted iipon homogeneity 
as a characteristic of a true “olemont,” but refused 
to admit any arguments but such as wore baaed 
upon experiment. 

The materials of which the earth an<l its in- 
habitants consist are chiefly compound, but they 
are resolvable into a limited number of stibstanec.s, 
regarded conventionally as elementary, booauao 
they have never yet been docompoumiotl. Of these 
several — oxygon, nitrogen, anti some other gases — 
are found in the atmosphere in the uleuienUi,! form. 
The rest occur in proportions whitjli are very un- 
equal; some as oxygen, silicon, carbon, and a few 
metivls like aluminium, iron, calcium, nuignosiutn, 
constituting in their variotis combinations the stuff 
out of which the greater part of the solitl earth is 

’ The complete title of Bo^le'e work ituffioiently explsinti Ita ob- 
ject; ’‘The Sceptical Chymist: or Chemko- physical Doubts luwl 
Paradoxes, touching the Experiments whereby vulgar HfumrirtHts 
are wont to endeavour to evlnoe their Salt, Satpbur, anti Meraui^ 
to be the true Principles of Things, to which are subjoined divers 
Experiments and Notes about the Prod%u>ibUnt*» of Chemipal Prin- 
oipUt." 
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formed, while others, though very necessary to the 
constitution of vegetable or animal tissue, occur in 
much smaller amount, and others again are found 
only locally, or even in such minute quantity as to 
require special methods for their detection. 

The recognition of now elementary substances 
does not necessarily imply, as often popularly sup- 
posed, the isolation of the element itself. Fluor- 
spar, for example, was known in the middle of the 
eighteenth century to yield an acid analogous to 
muriatic acid (Schoole), but the element fluorine was 
not isolated till Moissan announced the results of his 
experiments in 1 H8(i. Similarly, alumina was known 
as a distinct earth in 1754 (Marggrafl), but the 
metal was not obtained till 1828 (WChler). Potash, 
soda, lime, and magnesia were recognised and dis- 
tinguished from one another long before their com- 
pound nature was oven suspected, and so in many 
other cases. On the other hand, examplas have been 
known of sub.stancos which, produced by methods 
calculated to afford the element, have been supposed 
to bo simple, till long afterwards they have been 
found to bo compound. This was the case with the 
motalloidal element titanium. A peculiar crystalline 
copper-coloured substance of metallic aspect, some- 
times found in the bottom of blast-furnaces in which 
iron is reduced, was for a long time supposed to be 
metallic, that is elemental, titanium, till it was 
discovered by Wohler to contain not only titanium, 
but carbon and nitrogen. 
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An equally interesting case is that of vanadium, 
which had been supposed, on the authority of Berze- 
lius, to be an element resembling chromium, and 
yielding like that substance an acidic trioxido. In 
ISCV, however, it was shown by Roscoe^ that the 
substance supposed by Berzelius to i>e the motiii was 
either an oxide or a nitride accortling to the motluxl 
of preparation ; in fact vanadium forms a pentoxido 
VgOg and belongs to the phosphorus family of 
elements. 

In 1837 fifty-four elements word known. In 101.3 
wo recognise upwards of eighty <listin<!t subsljiufjos 
believed to be elementary, notwithstamling t!»at a few 
of these have as yet boon very imjxwfisctly studied. 
From time to time new elements are announ(;u<l, and 
while some of these “come like shmiows” and “so 
depart,” there has boon a tolerably steady a<hliti<)n of 
a permanently established momlxjr of the .series on 
an average every throe or four yeans. For these 
additions to our knowlotlgo science is mainly 
indebted on the one hand to the introduction of 
previously unknown methods of experiment, ami 
on the other hand to a closer uttontiun to resi- 
dual '"phenomena, previously noglootod or imperfectly 
studied. As to the former, we need only refer to 
the application by Humphry Davy, in 1807, of the 
then recently discovered chemical eSects of the 
electric current, by which he was led to the isola- 
tion of potassium and sodium; while the use of 

» Phil. Tram., 1868. 
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these metals in their turn afforded the means of 
decomposing compounds of boron, silicon, and alu- 
minium with liberation of those elements. 

In recent times the most fertile method of dis- 
coYery of new elements has been the process called 
Spectrum Analysis. This was introduced as a 
definite method of experimental inquiry by Bunsen 
and Klirchhoff about 1859, and in Btmsen’s hands 
led at once to the recognition of two previously 
unknown metals of the alkali group, to which he 
gave the names rubidium and csesium. This dis- 
covery was followed by the isolation of thallium by 
Crookes in 1861, of indium by Reich and Richter 
in 1863, of gallium by De Boisbaudran in 1875, 
and of the oxide of an element called scandium by 
Nilson in 1879. 

The story of Newton’s experiments made in 1675 
with the spectrum of the sun’s rays is almost too 
familiar to require repetition. However, it is neces- 
sary to recall these experiments to mind in this 
place, because they not only form the basis upon 
which all subsequent -discoveries with the prism 
were made, but they show what very important 
results often arise from apparently slight modifica- 
tions in the mode of operating, or in the form of 
apparatus. Newton gives the following account of 
his procedure:^ “In a very dark chamber, at a 
round hole about one-third part of an inch broad 
made in the shut of a window, I placed a glass 
* Newton’s OpitoAs, Book I. 
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prism, whereby the beam of the sun’s light which 
came in at that hole might bo rofraetcd upwax'ds 
towards the opposite wall of the chamber, and there 
form a coloured imago of the sun, . . . This image 
was oblong and not oval, but tei'uiinated with two 
rectilinear and parallel sides anti two semicircular 
ends. On its sides it was bomuletl prtitty distinc.tly, 
but on its ends very confu.sodly and iialistinctly, the 
light there detiaying anti vani.shing by degrees. The 
breadth of this inxage answerotl tt) the sun’s dia- 
meter, and was about two inche-s luul the eighth 
part of an inch, including the ponumbni. Ft>r the 
image was eighteen feet anti a half tlislant from 
the pri.sm; and tit this tlistance that breadth, if 
diminished hy the tliamoter of the holti in the 
window-shut, that i.s hy a tpiartor of an inch, sub- 
tended an angle at the prism of abfxut half a tlogroe, 
which is the sun’s apparent diainettjr. But tho 
length of tho imago was about ten inches and a 
quarter, and tho length of the rcetilinuar sitlos about 
eight inches, and tho refracting angle of tho prism 
whereby so groat a length was made was 04®. With 
a less angle tho length of the imago wa.s loss, tho 
breailth remaining the same. . . . Now, tho diifbrent 
magnitude of tho holo in tho window-shut and tUf- 
feront thickness of tho prism where tho rays paased 
through it, anti different inclinations of tho pri.sm to 
the horizon, made no sensible changes in the length 
of the image. . . . 

“ This imago or spectrum PT was coloured, being 
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red at its least refracted end, T, and violet at its 
most refracted end, P, and yellow, green, and blue in 
the intermediate spaces, which agrees with the first 
proposition, that lights which differ in colour do 
also differ in refrangibility.” 

Newton further proved that “whiteness, and^all 
grey colours between white and black, may be 
compounded of colours,” and that “all homogeneal 
light has its proper colour answering to its degree 
of refrangibility, and that colour cannot be changed 
by rofloctions or refractions.” 

This represents the extent of knowledge regard- 
ing the nature of sunlight which remained for 
upwards of a century. What Newton saw in the 
spectrum upon the wall was a series of images of 
the sun so close together that they overlapped at 
their edges, forming a continuous band, having, as 
ho says, parallel sides and circular ends. But the 
several rays which in sunlight are blended so as to 
give to the eye the sense of whiteness are separated 
in pjissing through the prism, so that the images 
overlapping give to the eye the impression of colour, 
those at the lojist refracted end being pure red, and 
those at the most refracted end being pure violet, 
while the intermediate spaces are filled by imper- 
fectly separated rays of different degrees of refrangi- 
bility, If, however, a very narrow slit is used for 
the admission of the light, and a lens is interposed 
so as to throw a clear image of the slit upon the 
first face of the prism, which must be placed with 
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its edges parallel to the slit, a new phenomenon 
may be observed when sunlight is used, and that 
is the appearance of fine black linos crossing the 
spectrum. These were first seen by Wollaston in 
1802,^ but were studied and mapped in 1814 by a 
German optician at Munich, Fraunhofer, and are 
generally known jxs Fraunhofer’s lines. The physi- 
cal cause of these black linos will bo explained a 
little later; they are seen in the spectrum of sun- 
light and of rofloctod sunlight, such as that which 
roaches us from the moon and the planot-s, but are 
not seen in the light derived from a heated solid, 
such Its the lime in an oxyhydrogon lamp, or the 
carbon of an electric lamp, it has, however, long 
boon known that flame may ho coloured by putting 
into it various metals, salts, and other vaporisablo 
substances, and the light thus obtained, when soon 
through a prism, gives separate bright linos standing 
in the order of their rofrangibilitios, lait .soparat<sl 
by dark spaces. Seine of those wore dc.s<!rilMHl l>y 
Sir John Horschel in 1822, and again by Professor 
W. A. Miller in 1845. It was not until 1850, how- 
ever, that the position an<l colour of tho linos soon 
in tho spectra of motaliio salts va|H)riMo<l in a flame 
wore employed systematically for tho recognition of 

* Wollaston (PAil* T’tvifw,, 1802) siscid for ailniission of the light n 
orevloe inch broach Tho bourn was reoclvod by the oyo close to 
tho interposed priam» and four colours only were peroeived* namely, 
red, yellowish green, blue, and violet, Wollaston seams to have 
regaled the few dark lines ho saw as simply doundarieM of these 
regions of colour. 
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such substances, and the foundation of the spectro- 
scopic method of analysis was laid by‘ Bunsen and 
Kirchhoff. The apparatus employed is in principle 
very simple. The light to be examined passes 
through a narrow slit, the edges of which are 
parallel with the edges of the prism. To concen- 
trate the light after entering the slit, it passes 
through a tube containing a pair of lenses by which 
the rays are made parallel before entering the prism. 
On leaving the prism the spectrum is seen through 
a ^telescope, which gives a magnified image of it. 
The arrangement commonly adopted is shown in 
the figures which are to be found in nearly all text- 
books of physics. 

Now, when the flame of a Bunsen lamp is placed 
before the slit, and a platinum wire dipped into a 
solution of, say, common salt, is introduced into the 
flame, a bright yellow light is seen, and looking into 
the telescope a bright yellow line is seen, and 
nothing olse.^ If for a sodium compound we sub- 
stitute a salt of potassium, then a rod line is seen 
near the loss refrangible end; if a lithium com- 
pound, a rod line is seen nearer to the yellow than 
the rod potassium line, and also a yellow line, which 
is not far from the sodium line, but not coincident 
with it. In like manner other metals give colora- 
tions to flame, or their compounds give colorations, 
which in the spectroscope are resolved into bright 


^ This really consists of two yellow lines so close together that the 
simple s|)ectrosoope is usually incompetent to show them separate. 
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lines separated usually by dark spaces, each line hav- 
ing an invariable position relatively to the others. 

The method of spectrum analysis is distinguished 
by its extraordinary delicacy from the ordinary 
chemical methods, which are chiefly based upon the 
production of colours or precipitates in liquids. 
Bunsen and Elirchhoff in their Memoir^ show that, 
for example, in the case of sodium the eye can 
recognise the presence of one throe-millionth of a 
milligramme of tho metal. Hence the common pro- 
duction of tho yellow light in tho Bun.son flame, 
when a platinum wire, apparently clean, is held in 
it, or when the air is but .slightly agitatotl, so as to 
raise a little common dust. Sodium, in tho form 
chiefly of common salt, is to bo foun<l in minute 
quantity distributed in the atmosphere every whore; 
it is present in all common water, and in nearly all 
animal and vegetable substances, and tho frequent 
appearance of the yellow light, and tho ijorKispomi- 
ing yellow doid)lo line, was a source of much ptsr- 
jflexity to tho earlitir obsorvims, who, fintUng notlung 
else to account for it, attributed it not unnaturally 
to tho pro.sonoo of water. It was not till 1H56 that 
Professor Swan of St. Antlrows rocognisoii in sodium 
the cause of tho yellow lino. 

Thus far roforonoe has boon made only to tho 
effect of introducing into a flame substonccs which 
are capable of being converted into vapotir by tho 

I Translated into several English jonmala ; e.ff. PML Mag,, vol. 
SO (1860), and Joum. Ohem. Soe., 18, 270 (1861). 
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heat, and so carried up in that state into the upper 
part of the flame, where the vapour becomes incan- 
descent and gives out light. In some cases, how- 
ever, the temperature of a common flame is not 
sufficiently high to give this effect. For example, 
many metals are not vaporised by such a source of 
heat, and it is necessary to resort to the much hotter 
electric “ arc,” or to the electric spark obtained from 
an induction coil, in order to produce vapour from 
them, and cause this vapour to emit light. The in- 
duction coil is specially serviceable in such cases, for 
sparks may be taken between the poles tipped with 
the metal under examination, or may be made to 
pass between one pole and a solution of the sub- 
stance to be tested without any appreciable loss of 
material. It must, however, be remembered that 
the spectra observed under these circumstances are 
not identical with those which would be obtained 
from the same element at the lower temperature 
of a flame: the spectrum afforded by a given ele- 
mentary substance in the arc or spark is in almost 
all cases more complex, that is, it exhibits a greater 
number of lines than when a flame is used. The 
spectrum observable when a flame is coloured by 
the introduction of a salt is, in many cases, made up 
of comparatively broad bands, and these disappear 
when the temperature is raised, being replaced by 
bright narrower lines in different positions, not co- 
incident with those of the bands. These lines usually 
remain unchanged at still more elevated tempera- 
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tures, but other additional lines frequently make 
their appearance. The spectrum derived from the 
flame is, in such eases, usually attributed to the 
glowing vapour of a compound, while the lino 
spectrum obtained by the use of the arc or the 
spark is supposed to be that of the metal present. 
These are quite distinct from each other, and at 
present there is no recognisable relation between 
the spectrum of a metallic element and that of its 
compounds, such as the oxide or chloride. 

As to the non-metallic elements, and especially 
the gases hydrogen, oxygon, nitrogen, the light 
which they give out at high temperatures is loss 
intense than that emittetl by metallio vapours; and 
they are usually observed moat conveniently by 
allowing an electric <lisohargo to |muss through the 
gas confined in a ghxss tube, and oxjMindod by 
means of an air-pump till the pressure of the gas 
is reduced to something very small. The dis- 
charge under such conditions passes through a much 
longer column of the gas, which becomes incandes- 
cent throughout. As with the metals, the character 
of the spectrum varies according to conditions: at 
comparatively low temperatures bands of light or 
closely grouped lines are seen; at higher tempera- 
tures these change in position, ultimately disappear- 
ing as the temperature is raised, and giving place 
to separate £me lines, the relative intensities of 
which, however, change with altered conditions in a 
3paanner which is often very difficult to explain. It 
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seems established that the number and positions of 
the lines forming a given spectrum are dependent 
partly upon the composition or molecular constitu- 
tion of the substance employed, partly upon the 
quantity or density of its vapour, and partly upon 
the temperature to which it is exposed. 

These variations, however, perplexing as they are 
to the inexperienced observer, do not prevent the 
application of the spectroscope to the recognition of 
a great many elements, and, as already stated, have 
led to the discovery of several. The presence of 
several elements together does not interfere under 
ordinary circumstances with the exhibition by each 
of its own special array of lines, and hence complex 
mixtures, of minerals for example, may be submitted 
to examination by the spectroscope, with the cer- 
tainty that those constituents which are capable of 
yielding vapour will be recognisable, notwithstand- 
ing that they are present in only minute quantity. 
Naturally, however, when heat is applied, the more 
volatile constituents will pass off in vapour first, and 
will therefore afford their spectra more readily than 
the less volatile. 

Reference has already been made to the fact that 
stinlight differs from the light emitted by heated 
solid bodies, inasmuch as the band of colour is not 
continuous from end to end, but exhibits a large 
number of fine black lines crossing it transversely, 
which are known as Fraunhofer’s lines. Notwith- 
standing that Fraunhofer counted and mapped some 
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hundreds of these lines, he did not give any ex- 
planation of their occurrence, and it was only many 
years later that the solution of the mystery was 
supplied by Kirchhoff. When a vapour is heated 
strongly enough it gives out light which consists of 
rays possessing definite rcfrangibility, and capable of 
exciting the sensation of colour in the eye, as already 
stated; at lower tompora,tures, however, the vapour 
is capable of stopping the same ratliations. Hence, 
if a sufficiently thi(5k layer of such vapour is inter- 
posed in the path of a ray of light from a source 
which supplies a continuous spectrum, a series of 
black linos would appear in the same position as 
the bright linos which woukl bo soon if the vapour 
itself gave out light and this was viowctl through u 
prism. The sun is .supposed U> bo a very hot, solid, 
or fluid bofly, the light from which, if uuintorrupto<l, 
would afford a continuous spectrum, like that given 
by a hetitod solid metal, or by heated lime. But this 
luminescent nucleus is surrounded by an atmosphere 
of vapours less hot, and therefore capable of stop- 
ping certain of the radiations; and so black lines 
appear in the spectrum of the .sun’s light, and these 
correspond in position to the bright linos given by 
such metals as iron, calcium, sodium, and other 
terrestrial elemente when their vapours are heated 
to incandescence. Similar observations have led to 
the belief that a largo number of elements are 
common to the earth, and to the sun, and many of 
the stars. 
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With, regard to the recognition of elemental bodies, 
however, a distinction must be drawn between the 
recognition of wholly unknown and unsuspected new 
substances, and the discovery of methods for isolat- 
ing from known compoimds elements the existence 
of which is already well established. As already 
stated, potash and soda were distinguished from 
each other many years before their compound nature 
was demonstrated, and potassium and sodium ob- 
tained in the metallic state ; alumina and silica were 
familiar long before the elements alu m inium and 
silicon were separated from their associated oxygen. 
One of the most interesting cases of this kind is 
afforded by the non-metallic element fluorine. Fluo- 
ride of calcium is widely diffused in nature. It occurs 
in many minerals, and, in small quantity, as a con- 
stituent of the tissues of plants and animals. It is 
well known 'in the crystalline form as the beautiful 
fluor or Derbyshire spar. The action of sulphtaric 
acid upon this substance was studied by Scheele in 
the middle of the eighteenth century, and the acid so 
produced, long employed for etching glass, has been 
recognised since the time of Davy as a compound of 
the same natmre as muriatic acid; that is to say, 
as constituted of hydrogen associated with an ele- 
ment having properties similar to those of chlorine. 
ISTevertheless the separation of this element, long 
called fluorine, from the compounds in which it is 
known to reside, has only been accomplished after a 
long series of fruitless attempts. Fluorine in the 
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so-called free state is the most energetic chemical 
agent known. It decomposes water in consequence 
of its affinity for hydrogen, and the displaced 
oxygon is partly converted into ozone. It combines 
with metals of all kinds, and the heat generated by 
its union with silicon, with sulphur, with iodine, and 
oven with carbon is so groat iw to cause ignition of 
those substances. It is not displaced from its com- 
pounds by the action of any other known element, 
and the statements concerning its Ii!>eration from 
mercuric or silver fluorides by the action of chlorine 
were erroneously ba.sod upon imjjcrfoct experiments. 
It is obtainable, though with difficulty, by heating 
certain fluorides, notably ceric fluoriilo, (JcF^, and 
plumbic fluoride, PbP* (Braunor), which thus be- 
come reduced to lower fluorides. But the know- 
ledge of this remarkable substanoo would have 
romaineii extremely imperfect but for Moi»«in’.s ex- 
periments in 1880 on the oloctroly.sis of anhydrous 
hydrogen fluoride. This liquid is not an electro- 
lyte, but on the a<idition of dry ijotassium hydrogen 
fluoride it conducts, an<l the sjdt is rosolvtxl into fluo- 
rine and potassium. The latter lilioratos hydrogen 
which escapes from the surface of the cathotie, 
while the former is sot free at the anode in the 
form of a pale greenish gas which possesses tdl the 
chemical activity of chlorine in an exalted degree. 
It is liquofiablo at about - 190**, and its boiling point 
under atmospheric pressure is very close to - 187* O. 
It forms at this temperature a pale yellow liquid. 
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which no longer exhibits the energetic chemical 
properties displayed by the gas, for at this low 
temperature it does not even displace iodine from 
iodides, though it retains the power of seizing the 
hydrogen in benzene or oil of turpentine with in- 
candescence. The powerful aflSnity of fluorine for 
hydrogen is the last to disappear.^ 

We may now turn by way of contrast to the dis- 
covery in the atmosphere of a new gas, or rather a 
mixture of gases, the existence of which there had 
been no reason for suspecting, and the strange 
characters of which could never have been pre- 
dicted from any consideration within the range of 
recognised chemical philosophy. The history of the 
discovery of “ argon ” is one of the most interesting 
and instructive chapters in the records of natural 
science. For some time previously to 1893 Lord 
Rayleigh had been making determinations of the 
densities of the principal gases,® nitrogen among 
the rest, and his attention was early attracted to 
a curious anomaly observed in the case of this 
element. When the gas was made from ammonia 
it was found to be decidedly lighter than when ob- 
tained from air, and as it seemed " certain that the 
abnormal lightness cannot be explained by contami- 
nation with hydrogen, or with ammonia, or with 
water,” everything seemed to suggest “that the 

^ Monograph by H. Moissan. Meoherches sur Visolement du flubor. 
Paris, 1887. 

* Proc. Roy. Soc., 68, 184. 
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explanation is to be sought in a dissociated state 
of the nitrogen itself.” And by snccessivo oxpei'i- 
ments it was shown that whether the oxygen of air 
was removed by red-hot copper, by red-hot iron, or 
by cold IbrroHs hydrate, the snporior density of 
atmospheric nitrogen remained midiminished, while 
the density of nitrogen obtained by various chemical 
proce.ssos from nitrous oxide an<l from nitric oxide 
was the sjuno ixs that from .ammonia. The moan 
weights of nitrogen hold by a certain globe were a.s 
follows : 

From nitric oxide . . . a%'}001 

From nitrous oxide . . . 2'^USIO 

From ammonium nitriUt . . 2'2{>K7, 

From uir by hot copper . . S-SIOJJ' 

From uir by hot iron . . S'.'ilCX) 

From air by ferrous hydrate . 2*3102 

Hence, after due correctioms, otus litre of t*hcini<*al 
nitrogen weighs 1*2505 gram; atmospheric nitrogen 
weighs 1*2672 gram. A review of all those facta 
led to the conclusion that the lightuoH.s of chemical 
nitrogen was not to attributed to the presonco 
of any familiar impurity, or to the existence of 
two forms of nitrogen, but rather that the greater 
density of atnio.sphorio nitrogen was duo to its 
association with a heavier gas existing in the air 
in small quantity, and hitherto unrocogiiisod. The 
question as to the homogoneousnoss of tho gaseous 
residue left when the oxygen of air, the moisture, 
and the carbon dioxide have aU been withdrawn. 


Moan 

Moan 

Diiferoncro '0109 
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was long ago considered by Cavendish, in his 
“ Experiments on Air,” published in the Philosophical 
Transactions for 1785. Here he says, “As far as the 
experiments hitherto published extend, we scarcely 
know more of the nature of the phlogisticated part 
of our atmosphere, than that it is not diminished by 
lime-water, caustic alkalis, or nitrous air; that it is 
unfit to support fire or maintain life in animals; 
and that its specific gravity is not much less than 
that of common air ; so that though the nitrous acid, 
by being tmited to phlogiston,® is converted into air 
possessed of these properties, and, consequently, 
though it was reasonable to suppose that part at 
least of the phlogisticated air of the atmosphere 
consists of this acid united to phlogiston, yet it 
might fairly be doubted whether the whole is of 
this kind, or whether there are not in reality many 
different substances compounded together by us 
under the name of phlogisticated air. I therefore 
made an experiment to determine whether the whole 
of a given portion of the phlogisticated air of the 
atmosphere could be reduced to nitrous acid, or 
whether there was not a part of a different nature 
from the rest which would refuse to undergo that 
change.” Cavendish then proceeds to describe his 
experiment, from which ho concludes that “if there 
is any part of the phlogisticated air of our atmo- 

Phlogisticated air is the terra, in the language of the theory of 
phlogiston, for nitrogen ; daphlogisticatod air is oxygcHi. 

* deprived of oxygen. 
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Sphere which diffei’S from the rest, and cannot be 
reduced to nitrous acid, we may safely conclude 
that it is not more than part of the whole.” 
There the question was left more than a century 
ago. In August 1894 it was answered by the 
announcement by Lord Rayleigh and Professor 
Ramsay of the discovery of a now constituent of 
the atmosphere, a gas having a density nearly 
half as largo again as that of nitrogen, and distin- 
guished from all then known giisos by absolute 
chemical inertness, being, so far as at present known, 
incapable of entering into any form of chemical 
combination. 'The name argon was given to this gas 
in allusion to its chemical inactivity. 

Two methods wore omployotl by the <li.s<;ovoror8 
for the removal of the nitrogen and the isolation 
of the argon. The first was tho mothod u.hc<1 by 
Cavendish, though with tho advantage of modern 
appliances. This consists in adding oxygon to tho 
air confined over a sohition of caustic potash, and 
then passing electric sparks through the gaseous 
mixture. The nitrogen is thus made to unite with 
oxygon, and tho resulting oxido of nitrogon is ab- 
sorbed by the potash, and is converted into nitrito 
and nitrate. At the end of tho experiment tho 
residual oxygen is easily removable by red-hot 
eopper or otherwise. The other process consists in 
first absorbing tho oxygon from the air operated 
on by means of red-hot copper, and then getting 
rid of the nitrogen by passing the gas over the 
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surface of magnesium, or better still, a mixture of 
lime and metallic magnesium. Either of these 
agents absorbs nitrogen, forming solid magnesium 
or calcium nitride, leaving the argon as a colour- 
less gas. 

The discovery of argon among the atmospheric 
gases naturally led to a search for a more produc- 
tive source of the element, and the attention of 
Professor Ramsay was drawn to the statement that 
certain minerals containing uranium evolve under 
the action of dilute sulphuric acid a gas which 
was supposed to be nitrogen. On submitting some 
of the gas thus obtained to the process of spark- 
ing in admixture -with oxygen very little contrac- 
tion occurred, and it was manifest that the amount 
of nitrogen present was insignificant. On exami- 
nation of the light afforded by the expanded gas 
exposed to the spark discharge, it showed at once a 
feature which gave a clue to the character of the new 
substance. In addition to lines due to hydrogen and 
argon, present in the gas, a brilliant yellow line was 
observed, nearly, but not quite coincident with the 
yellow lino Dj of sodium. The wave-length of this 
line is 587 '419 millionths of a millimetre, and it is 
exactly coincident with the line Dg in the solar 
chromosphere attributed to the solar element, which 
had been named by Loekyer heliwm. The complete 
spectrum is characterised by five very brilliant lines 
in the red, yellow, blue-green, blue, and violet respec- 
tively. The gas is chemically inert like argon, and. 
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like that element, in molecular constitution it appears 
to bo monatomic. The difficulty of complete separa- 
tion from argon rendered the original determinations 
of its density somewhat uncertain, but helium is 
undoubtedly, next to hydrogen, the lightest gas 
known, and its specific gravity has been observed 
iis somewhat loss than 2. Helium has since been 
obtained in a pure state, but its density has not been 
appi'ceiably rodticod. 

This remarkable hi.story, however, does not on<l 
here, for early in Juno 1898 Professor Ramsjvy and 
Dr. M. W. Travers communicated tt> the Royal 
Society an account of their examination of liquid 
air, in which they announced the discovery of a 
now constituent, to which they gave the name 
kryptou (hidden). Ton day.s latter, in a further 
paper, they described two other gjusos, named respec- 
tively ne<yt\, (now) and irietargtm,^ among the “ C)om- 
panions of Argon.” The method employed conai.stotl 
in liquefying a largo amount — nearly 18 litres — 
of “ argon,” obtained from atrao.spheric air by 
absorbing the oxygon by rod-hot copper, ami the 
nitrogen by magnesium. When the temperature 
was allowed to rise, tho liquid evaporated away, 
the first portions of gas being collected separately, 
as likely to contain any substance lighter than 
argon. The lightest and most volatile ingredient 
of this mixture, osdled neon, is a gas whose density 

* ]I«taivoa was afterwarda fouad to be a mixture ooutaialng 
oarbonlo oxide. 
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is nearly 10, while argon has a density approaching 
20. A fifth member of this group of inert gases was 
a little later discovered in very small quantity in 
the least volatile portions of the liquid. It wjis 
called xe'ium (the stranger), and is found to have the 
density 04.^ The gases thus isolated from air agree 
in the common characteristic of chemical inactivity, 
or inability to form compounds. They are believed 
to be monatomic, that is, that, like mercury vapour, 
their molecules contain one atom only. Their densi- 
ties and molecular weights are as follows : 


Nanao. 

Symbol. 

Atomic or Molecular 
Weight. 

Helium 

He 

4 

Neon 

Ne 

20 

Argon 

A 

40 

Krypton 

Kr 

82 

Xenon 

Xo 

128 


Small quantities of hydrogen are also said to have 
been detected in atmospheric air, so that our atmo- 
sphere is a mixture even more complex than had 
over been previously suspected. The new gases are 
physiologically as well as chemically inert ; but within 
the last few years the discovery of radio-active matters 
(Chap. X.) in the air lays open the question whether 
such matters may not contribute to those thera- 
peutic effects for which certain localities have a 
reputation. 

With regard to the distribution of the elements in 
the crust of the earth, one fact which has long been 
* Kamsay and Travers, Proc. JBoy* 67, 329 (1901), 



78 THE PBOGBEaS OF SCIENTIFIC CHEMISTKY [Cft.II. 


recognised has acquired within the liuit few yoiirs a 
new signifieiinco. It is familiar to every mineralogist 
that elements belonging to the same or closely con- 
nected chemical families are commonly Jissociutetl 
together in the earth.' Thus a specimen of a lea<l 
ore which doe.s not contain silver is scareoly to bo 
found, and similarly a ziiu! ore without cadmium, 
one of iron without manganese, nickel without cobalt, 
are almost unknown, while the frequent occurrence 
of the halogens in company with one another is 
equally noticeable. The whole question luis boon 
discussed more than onco in connection with spoeu- 
lation.s as to the cause of the ohsorvtHl relations 
among the atomio weights which aro omhcxliod in 
what is called the periodic law (.sec <3hup. IV). 
But quite roc.cut.ly attention Inus again boon <lrawn 
to tho facts which have ho<*omo more than ovt;r 
significant since tho genetic connotJtion Instwoen 
such elements as rtulium and uranium hits lioon 
establishotl. 


BIOGRAPHICAL NOTKB 

Paui< Emii^s IiRCOq »r Boisbaudras was bom, in 1838, 
of a family belonging to the ancient Protestant nobility of 
Poitou tmd Angoumais. Though engaged in business in early 
life, he devoted his leisure to the study of chemistry and 
physics, and the greater part of his scieutifiu work relates to 
speotrosoopic observation, which resulted in the recognition of 
several metals among the constituents of the “ rare earths,” 


* See the Data GeocAemittry, by K.W. CHsrke. U.S. Oeologieal 
Server, Bulletis 481 (1811). 
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as well as the discovery of gallium in blende. He died 28th 
May 1912. 

[Obituary by W. Ramsay, Joum. Ohem, 8oc.^ 103, 742 (1913).] 

Bohuslav Brauner, Professor of Chemistry, Bohemian 
University, Prague, Bohemia. 

Robert Wilhelm Bunsbh was born 31st March 1811, at 
Gottingen. His father was University Xiibrarian and Pro- 
fessor of Philology. Bunsen studied chemistry under Stro- 
meyer at Gottingen, and after continuing his studies in Paris, 
Berlin, and Vienna, he returned to Gottingen as ^privat-dooent 
In 1836 he was appointed to succeed Wohler as professor in 
the Trade School at Cassel. In 1839 he became professor in 
the University of Marburg, where he remained till 1851. After 
a few months at Breslau, he succeeded to the chair at Heidel- 
berg vacated by Gmelin. Bunsen discovered cacodyl and its 
chief derivatives about 1839. In the investigation of the 
gases of the blast-furnace, he was led to make important im- 
provements in apparatus and methods, described in his well- 
known GasometHsche Methoden, 1857. In 1841 he constructed 
his carbon battery, and applied it to the electrolytic isolation 
of many metals. In 1844 he invented the grease-spot photo- 
meter, for many years in general use. 

Beside the discoveries mentioned in the text, Bunsen carried 
out many other researches. His invention of the burner for 
gas is familiar to all the world. 

He died at Heidelberg, 16th August 1899. 

[Bunsen Memorial Lecture. H. E. Roscoe. Joum, Ghem^ Soc., 
77, 513 (1900).] 

JosKi^H Fraunhofer, Director of the Optical Institute in 
Munich, and Keeper of the Physical Cabinet of the Academy. 
Born at Straubing, 6th March 1787. Died at Munich, 7th 
June 1826. 

[Poggendorff’s HandwSrterhuch,'] 

John Frederick William Hersohel, son of Sir William 
Herschel, astronomer. Bom 1792, died 1871, and buried in 
Westminster Abbey. 

lIHctioTiary of National JBiojrrapfey.] 
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Gustav Robert Kirohhoff, born at Konigsberg, 12th 
March 1824. From 1850 to 1854 Professor Extraordinary at 
Breslau, then Professor of Physics at Heidelberg. In 1875 
transferred to professorship in the University of Berlin. 
Died 17th October 1887. 

[Poggondorff s Handicortcrhuch,'] 

Joseph Norman Lockykr, K.C.B., LL.D., F,R.S., Professor 
(retired) of Astrophysics in the Royal College of Science, 
London. 

Andreas Sioismund MARucmAFF, phannacoiitical chemist, 
and later Director of the Chemical I^aboratory of the Academy 
of Sciences in Berlin. Born 3rd March 1700, died 7th August 
1782. 

[ Poggondorff ^s HandwdvteThuch.^ 

William AXjLEN Miller, born at Ipswich, 1 7th December 
1817. Educated at the Quaker School at Ackworth, ho was 
apprenticed to his uncle, a surgeon ; but after completing his 
studies in the medical department of King’s College, London, 
he got emplt>yment xindor Daniell in the chemical laboratory, 
and ultimately succeeded him, in 1845, as Professor of Chem- 
istry, Miller’s most important scientific work was done in 
conjunction with Dr, (later Sir William) Huggins on the 
spectra of the fixed stars. 

He died on 1 3th September 1870. 

[Obituary by Charles Tomlinson. Proc. lioy, 10, xtx. 
(1871),] 

Hknrv Moiskan was born in Paris, 2HtIi September 1H52, 
After working iix the laboratory of Fn^my and attending the 
lectures of Sainte^ClHire-Deville and Debray, he worke<l under 
Ddhdrain on some problems in vegetable chemistry. Ho 
graduated as Docteur 6s Sciences in 1B80. He then moved to 
the laboratories of the Sorbonne, and oocupied himself hence* 
forth on inorganic chemistry. At the time of his death he 
held the Professorship of Inorganic Ohemistry in the Faculty 
of Soienoes of the University of Paris. He published a large 
number of papers, but his most notable achievement was the 
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isolation of fluorine in 1886. He afterwards discovered the 
conditions under which carbon dissolved in molten iron sepa- 
rates on cooling in the adamantine form. He also applied 
the electric furnace to the preparation of many metals^ and 
crystallised lime and other refractory oxides. In 1894 he 
obtained calcium carbide. 

He died in Paris, 20th February 1906, 

[Moissan Memorial Lecture. W. Pamsay. Jotmi. Ghem, 

101, 477 (1912).] 

Lars Frbdbik Hilson was born in Ostergothland in 1840. 
In 1859 he became a student at Upsala under Svanberg, the 
successor of Berzelius, After taking his doctorate, he became 
chief assistant in the laboratory. From 1878 to 1883 Nilson was 
Professor of Analytical Chemistry in the University of Upsala, 
and thenceforward occupied the Chair of Agricultural Chemistry 
at the Boyal Academy of Agriculture in Stockholm. 

He died 14th May 1899. 

[Nilson Memorial Lecture, O. Pettersson. Joum. Ghrni. 
Soc., 77, 1277 [1900]. 

William Ramsay, K.C.B.,F,R.S.,&c., Professor of Chemistry 
(retired 1912), University College, London. 

Lord Rayleigh (John William Strutt, 3rd Baron), OM,, 
F R.S., Chancellor of the University of Cambridge, Hon. Pro- 
fessor of Natural Philosophy in the Royal Institution. 

Ferdinand Reich. — Born at Bernburg, 19th February 1799, 
Professor of Physics and Theoretical Chemistry at Freiberg 
(Saxony). 

Died 1882. 

[PoggendorfTs Handwdrterhuchf vols. ii. and iii.] 

Hieronymus Theodore RiOHTER.~Born at Dresden, 21st 
November 1824. Teacher in the Bergacademie at Freiberg. 

Died 1898. 

[PoggendorfTs HandwOrterhicchj vols- ii. and iv.] 

Henry Bneield Rosook, Kt-, P.C., B.O.L., F R.S., &c. 
Professor-Emeritus in the Victoria University, Manchester. 

F 
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Kari. Wilrklm Sohkki-r. — I k>rn at Stmlsund, 9th December 
174^2 At the age of fourteen ho was apprenticetl to an apothe^ 
cary at Gothenbtirg, whore he read much and practised exjxjri- 
ment. After taking employment at Mulinu, at Htookholm, 
and at Upsala, ho made the acquaintance of liorgniaim. At 
Upsala ho tnade many invofttigutions, residttng in the discovery, 
among other things, of the gases long afterivards named oxy- 
gen and chlorine. In ITTh ho was timde a inentl^er of the 
Hwedish A<!a<Umiy. Ahtmt this time he whs iq>|snnie<! to take 
charge i)f a pharmacy at Kiiptng, wlu'ro, after a few years, 
he was able to relieve the Inisiness of an incumbrance of 
debt, and to build himself a laboratory. His health, however, 
failed, and he died on 21st May 17HII. Hclieele^s name must 
ever be remetnl)ere<l as that of one 4if the most active and 
successful workers known in the liistory of chemistry* Hesides 
oxygen and chlorine, he made independent discoveries of 
ammonia, hydnashloric acid, and hydriasyatiie atJid. A five |>er 
cent* solution of the iast-namcKl is to this day known in 
pharmacy as Scheele^s acid, lie distmverod also hydrofluoric, 
lactic, gallic, citric, oxalic, tartiiric, and several other licids. 
He isolated glycerin and milk sugar. He discovered arsuiietted 
hydrogen and the green copper arsentte which Isiars his name, 
besides intruilucing new methods of making calomel and many 
other compounds used in ttieiliciiie. 

[Eunayg in T. E. Thur|w,| 

William Swan, Professor of Natural Phtiosophy at the 
University of St. Andrews. 

Born IHIM, died 1894. 

[Fotim Taimlia : a memorial volume of St* Andrews Unlver** 
sity, 1911.] 

Mohrik William Travkhh, D.Bc«, F.H.S., I>}rector of the 
Indian Institute of Bolence, l^ngalore, India* 

WiLi^iAM Hvdr Wollahton.— Horn at Bast Derehani, Nor- 
folk, 6th August 1766. The son of a clergyman, who was 
himself an astronomer of some distinction, he took a degree in 
medicine at Cambridge, and for some time practised at Bury 
St. Edmunds and in London. He gave pp practice in 1800 
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and devoted himself to scientific pursuits. Wollaston dis- 
covered palladium and rhodium in crude platinum, and in- 
vented the process for working platinum, which was practically 
employed for more than fifty years. He invented the reflect- 
ing goniometer and the cryophorus. He also examined the 
oxalates of potash, and thus independently illustrated the law 
of multiple proportions. 

He died 22nd December 1,828. 

[Dictionary of National Biogra^phy.l 
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CHAFrEE HI 

BECTlFrCATION AK1> 8TANDARD1.SATION OP 
ATf)MIO WEIOHTS 

The noeefwity for proHorvhig the rliMthiRtion hetwcoii 
fact 08tabliHho<l by obHorvatioii or oxjKjriniont, and 
hypothesis which miggOMts an explanation of tho facta, 
has not always boon clearly rocognisod in chomistry. 
Wo know, for oxamplo, that oxygon and hydrogen 
will combine together in cortain projKjrtiana, and in 
no others. This ia oxplaitio<l by the rtsstt,vipium that 
atoms of oxygon unite with atoms of hydrogen to form 
compotmtls, and that tho atoni.s of oxygon aro all of 
equal mass, and aro each nearly six toon times heavier 
than an atom of hydrogen. It is theroforo impo.s- 
siblo that there can bo compountls made tip of com- 
plex proportions of these two olomonts, nnloss wo 
assume that which is very improhablo, namely, that 
tho atoms combine in large niimbors and miovon 
proportions, say, for example, thirty of one kind to 
thirty-one of another. Dalton was the first to apply 
the "atomic theory" to chemistry, and bis ideas 
respecting chemical combination wore expressed 
in the following manner : ^ " When two elements 
* Thomwa'a 8rd aditios, voL lit., 1807. 
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combine to form a third substance, it is to be pre- 
sumed that one atom of one joins to one atom of the 
other, unless when some reason can be assigned for 
supposing the contrary. Thus oxygen and hydrogen 
imite together and form water. We are to presume 
that an atom of water is formed by the combination 
of one atom of oxygen with one atom of hydrogen. 
In like manner one atom of ammonia is formed by 
the combination of one atom of azote with one atom 
of hydrogen.” It is obvious that if such hypothetical 
ideas are superimposed upon the acknowledged facts 
as to the composition of water, an artificial rule is 
established for estiipating the relative atomic weights ; 
and in Dalton’s time, and chiefly as the outcome of 
his experiments, the values attributed to the atomic 
weights of the three elements referred to above were 
actually based on this combination of ideas. Dalton, 
however, and all his successors, were obliged to admit 
that this simple hypothesis is not applicable to all 
cases, and is manifestly often opposed to well-estab- 
lished facts. The composition of water, for example, 
was represented by nearly all chemists during the 
former half of the nineteenth century by the formula 
HO, in which H stands for 1 part by weight of hydro- 
gen, and O for 8 parts by weight of oxygen. The 
change which has resulted in the universal adoption 
of the formula HgO, in which O is approximately 
twice 8, was the result of a protracted contro- 
versy beginning from the time of Dalton himself. 
Gay-Lussac’s celebrated "Memoir on the combina- 
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tioii of Giiseous Substsun’cs wifh each other,”* was 
published ill IHOO, aud l.ho Essay* by Avogadro, 
oil "A Manner of deterinining tho relalivo Masses of 
tho Eleiiuintary Molecules of Bodies, and tho Pro- 
portions in which they enter into these < ’onijKiunds,” 
in 181 J. Gay-Lussac jirovod liy exporiniont that not 
only does one volume of oxygen comhino with two 
volumos of hyilrogon in tho production of wat,or, hut 
that muriatfe and earhonic acid gnsos comhino with 
annnonia gas in tho ratio of 1 ; I or 1 : 2. Ho further 
demonstrated that ammonia is composotl of one 
volume of nitrogen combined with throe volumos of 
hydrogen, and that carlionic oxide in Imrning with 
oxygen consumes half its volume of this gas. From 
those and other examples ho concluiiwl that gases 
always combine together in simple pro|K>rtions hy 
volume, and further, that tho ap|>arent contraction 
of volume which they experience on combination 
has also a simple relation to the volume of the gases, 
or at least to that of one of them. 

Avogadro, accepting Gay-Lussac’s experimental re- 
sults, proceeded in tho memoir roforroti to to discuss 
the explanation of the facts. He was led to the 
hypothesis now familiar enough to chemists, though 
so tardily recognised, namely, “ tho supposition that 
the number of integral molecules in any gases is 
always the same for equal volumes, or always pro- 
portional to the volumes." About three years after 

< Snglith tmnilatlonB of botb am inolndod in No. 4 of the 
Almthit Obtb Htprittia, 
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the publication o.f Avogadro’s Essay, the French 
physicist Ampere put forward si mil ar views ^ regard- 
ing the constitution of gases, and probably it was 
respect for his authority which assisted in the hesi- 
tating acceptance of- the principle by chemists 
generally. But although Dumas in 1826 ^ refers 
to the fact that at that time physicists agreed in 
supposing that in elastic fluids under the same 
conditions equal volumes contain the same number 
of molecules, it was not till nearly forty years later 
that this principle was generally employed as the 
basis of a method of estimating molecular weight. 
This reform was the result which followed, though 
not even then immediately, the representations made 
in 1868 and again in I860 by the Italian professor 
Cannizzaro. 

The nature of the problem will be shown most 
clearly if we consider closely a single example, that 
of oxygen. Nearly eight parts of oxygen imite with 
one part of hydrogen to form water, but the question 
is, whether in the smallest existing particle, that is 
the molecule, of water there is but one atom of 
oxygen with one atom of hydrogen, as Dalton 
supposed, or whether water may not contain more 
than one atom of either or both these elements; 
and whether, taking the atomic weight of hydro- 
gen as the unit, that of oxygen should be 8 or 

^ Ann. Chwt. Phys., 90, 48 (1814). 

* Ibid., 33, 837 (1826). Thia is the memoir in which Dumas de- 
scribes his method of taking vapour-densities. 



88 THB PBOUKESS OP SCIENTIPIO CHKMIFSTRY [bllAP. 

some luultiplo of 8. Tho question began to be 
seriously discussed when, in 1848, Oorhardfc^ pointed 
out t.hat tho combining proportions or equivalents 
accepted for organic compounds did not agree 
with those assigned to mineral subspincos, and in 
order that they might corrospoml with HgO, UOg, 
and NH;,, tho formuhe ho gave to water, carbon 
dioxide, and amutonia rospcetivoly, they required to 
bo reduced to one half; and at tho ond of a series 
of papers on tho subject ho concluded that “the 
densities of gases are proportional to thoir oqtiiva- 
lents.” His system of forniuhe was liasod on the 
adoption of tho symbols HgO for water aiul making 
other formula' conform to this. If it bo true, as 
Avogadro taught, that “equal voluntos of difforont 
gases at tho same tomjioraturo and pre,ssuro contain 
the same numltor of moloculas,” then those qtianii- 
tios of all RubHtance.s which fill tlio same volume in 
the state of gas must be taken as mulocular propor- 
tions under the same coiulitions. 

Previously to this time there hatl Imsoh no rule 
commonly recognised and applied to this purpo^ 
Thus, if the symbol H stand for one volume of 
hydrogen gas, HO (0—8) represents also one volume 
of water vapour, and HCl represents two volumes of 
hydrogen chloride gas. Or if HO stand for two 
volumes, then H must also stand for two volumes, 
and HCl for four volumes. Gerhardt proposed to 
take water as the standard of oomparison; that is, 

^ Ann* Ohim. 7« 120. imd 228. 
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as the unit of molecular magnitude. He repre- 
sented the molecule of water by the formtila HgO 
(H=l and 0=16), reviving the relative value of 
the atomic weight attributed to oxygen by Berzelius, 
though now reduced to the scale in which H is 
taken as 1, instead of O as 100. Accordingly the 
formulae HgO, HOI, HH^, OOg represent equal volumes 
of the several compounds in the gaseous state, and 
under the same conditions of temperature and pres- 
sure. And it is necessary to observe that these for- 
mulae do not only agree in regard to the hypothetical, 
physical constitution of the gases which they repre- 
sent (that is, they comply with the hypothesis of 
Avogadro), but they actually represent the chemically 
reactive units or molecules of these substances. But 
these formulae imply that the atomic weights of 
oxygen and carbon must be assumed to be double 
of those commonly adopted by chemistry at the 
time, and require a corresponding change in the 
formulae of all the oxides, acids, bases, and other 
compounds in which these elements exist. G-reat 
support for these views was derived from the suc- 
cessive discoveries of the eon^itution of ether by 
Williamson (1860), and of many acid anhydrides 
by Gerhardt himself.^ For so long as ether was 
regarded as the oxide of ethyl, O^HgO, while alcohol 
represented a compound of this oxide with water, 
namely, as hydrated oxide of ethyl, O^HgO-l-HO 
(0=6, 0=8), the relation was not perceptible. 

1 See futtiier on. Chap. V. 
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But when Williamson showed that the conversion 
of alcohol into ether is accomplished, not by the 
simple withdrawal of water from alcohol, but as a 
consequence of the oxchang'e of an atom of hydrogen 
in alcohol for another ethyl group, C^Hr,, the result- 
ing compound forming a volume of vapour equal to 
the standard volume, namely, to the volume occu- 
pied by a molecular proportion of water, HgO, a 
now view of the constitution of alcohol followo<! 
as a necessary con.sequonco. The following com- 
pirison will .show clearly the nattire of the change 


involved : 
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Nkw htvi^k. 
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OO 
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NHt 

2 .. 

C.H.O 

1 voL 


2 

0«HjO \ HO 2 volfl. 

OaH„0 
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It was, however, long before such views as those 
received the gouoml assent of the chemical world, 
and it required the support of ovidonco tlrawn 
from various apparently di.stinct linos of inquiiy, to 
establish lirndy the now doctrine. In onlor to ascer- 
tain the volume of vapour which eorrasjKUMls to a 
given formula, it is only necessary to determine the 
specific gravity of the vapour, that is. the weight of 
one umt volume, hydrogen or air being usually taken 
as the standard. But though textr-books of this period 
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usually give an account of the methods of Dumas and 
Gay-Lussac for such experimental determinations, 
the results were usually treated as isolated physical 
facts, or were applied to the correction of empirical 
formul®, and never to their reduction to a common 
standard. 

In 1834 Dumas discovered the remarkable fact 
that chlorine is capable of replacing an equal volume 
of hydrogen in many organic compounds, the pro- 
cess being afterwards known as substitution, or, 
as Dumas called it, 'metalepsy. Acetic acid, for 
example, is a monobasic acid, for it affords with 
each metal, as a rule, only one salt, in the formation 
of which one equivalent of the acid was known to 
interact with one equivalent of such a base as potash. 
But three-fourths of the hydrogen of acetic acid is 
exchangeable in three successive stages for equivalent 
quantities of chlorine, giving rise to mono-, di-, and 
trichloracetic acids, thus : 

Acetic acid. . . . O^HsOgHO (C— 6 , 0 = 8 ) 

Monochloracetic acid . C^HjjClOsHO 

Dichloracetic acid . . 04 H 01 sjO 3 HO 

Trichloracetic acid . . O 4 OI 3 O 3 HO 

These chlorinated acids are monobasic, and bear a 
strong resemblance to acetic acid, from which they 
are derived.* 

Dumas also pointed out,^ in reply to criticisms 
from Berzelius, that while chloracetic acid heated 

* Oomjtt. Rend., 7, 474 (1838). 

* Anneden d. Ohm., «. Fktvm., 88, 179, 269 (1840). 
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with potash splits into carbon dio-Kiilc and chloro- 
form, acetic acid heated with baryta gives carbon 
dioxide and a gas whicdi he identifiotl with marsh gas, 
of which chloroform is the tri<ihlori»-derivativo, ami 
therefore an analogue. Ami taking the principle of 
isomorphism as a guide, ho declared that compounds 
like acetic acid and <*hloracoti<j aci<l belong to the 
same vhemirnl inp<\ just as all the diftbront %'arit'tios 
of alum belong to the s>une crystallographic or 
mechanical type. A little later he .stmlied the 
action of chlorine ujKin mar.sh gjus, and though ho 
did not succeed in isolating all the sucfse.ssivo pro- 
ducts of the substitute of jshlorino for hy«lrogon in 
this <5ompound, he obtained and iinaly.sod the ju'r- 
chlorido, whi(«h is the Inial prodm*t of the action, 
and showed that the production <jf this comjMnnui 
atul ehloroform ropre.sonte<l two staiges in the .stiino 
process. Tlio complete Mt*ries of sutistitution pro- 
ducts wouhl ho expros.sotl hy the following names 
and formula* : 

Motlmne or marsh gaa . CililHH 

Chloromethanu or matltyl ohiuritlu . . . OHIlUCJt 

Dtohloromefchane or methylene diohhtridit . CHIlOiCil 
Triohloromethane or ohtoroform .... OUCIOIOI 
Tetraohloromethane or carbon tetraohlorida COlClCiCl 

These suocessivo steps have since that time haon 
completely traced, and each of these compounds is 
now well known and characterised. Dumas also, 
together with Stas, investij^ted the action of potash 
upon a number of alcohols and their principal others. 
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and showed’ that all true ^.leohols can produce a 
corresponding acid. Thus he was led to a classification 
of carbon compounds according to the nature of the 
typical substance, alcohol, ether, acetic acid, aldehyd, 
&c., from which the compound could be derived, 
actually or hypothetically, by a process of substitution. 

As will be shown in a later chapter, the molecules 
of water, ammonia, hydrochloric acid, hydrogen, and 
marsh gas were afterwards successively adopted as 
types of the various classes of chemical compounds, 
and thus a classification was effected of the other- 
wise miscellaneous products of successive discoveries, 
especially in the ddmain of what has so long been 
called “organic" chemistry. Though it was many 
years before this doctrine was generally accepted, 
the important facts came tiltimately to be recognised 
that certain elements are distinguished by the power 
of holding together two or more atoms of other 
elements, or of “residues” consisting of several ele- 
ments united into a group.® 

In water, for example, and in all the immediate 
derivatives of water, such as caustic potash, alcohol, 
ether, silver oxide, hypochlorous acid, it was per- 
ceived that while the electro-positive elements, such 
as hydrogen, potassium, ethyl, &c., could be sepa- 
rately replaced, and that in water the hydrogen is 
divisible into two exactly equal parts, the oxygen main- 

> Ann. Ohim Phy». [2], 7S, 73 (1840). 

* A fuller account of these developments is reserved for a later 
chapter (Chap. V). 
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tains its indivisibUiiy throughout. This important 
distinction is recorded in the formulae of the water 


type: 


H 


K > 


H ^ H f 


■'■o k \^ 

AK) 


Aj? S 


o 


H ) ^ 


Gorhairdt pointed out that the fonnnlai HjjO tor 
waiter is proforaihlo to the formulai liC) ((>=s8) thou 
in use, hecaiuso it is consistent with the fact thait 
each monaitomic (in nawlorn laingaiaige, monad or 
imivailont) raxliolo * gives two dorivaitivos of the water 
typo, that is, by succoftaivo replacement of the two 
atoms of hydrogen it forms two oxide.s,* like caustic 
potash and oxide of potassium, ais shown by the 
above formulae. The same rauliclo, however, gives 
only one chlori<lo, one bromiale, and one ioalido. 

Precisely similar considerations can bo ai[)plied to 
oompmnaals eontaiining cairbon. Marsh gas is com- 
posed of this element united with hydrogen, hut 
wheroaus the laittcr can ho roplacoal by chlorine, or 
other agents, in four sopairato anal equal portions, 
the carbon is not only not a«) divisible, hut it has 
the power of linking together in one doBnito and 
homogeneous compounal the chlorine which has hcen 
introduced in exchange for a part of the hydrogen, 
and the residue of hydrogen which is loft after such 
operation. Hence such compounds as (JHjCl and 
CHGIg are producible from marsh gais, ami artJ by 
an inverse operation transformable back again into 

^ This is ths usual modern form of this ward. 

* TfnUUi fU CMmie Oryani^t t. iv. 5H9. 
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that compound. These relations are sufficiently in- 
dicated by the formulae already given (p. 92), 

Further, if we examine the now familiar series 
of homologous hydrocarbons, alcohols, aldehyds, 
acids, &c., containing carbon in progressively increas- 
ing proportion, it becomes obvious that each term 
of such series diifers from the next below and the 
next above by a quantity of carbon which is never 
less than 12 parts by weight, the quantity of 
oxygen, if present, remaining the same throughout 
the series. The following formulae, for example, 
represent all the known members of the several 
series of paraffins, alcohols, and fatty acids : 


Paraffins. 

Alcohols. 

Fatty Acids. 

CxH* 

C*H,0 

0x11202 

OjxHe 

OaxHeO 

02xH,02 

CsxHg 

CgxHsO 

OgxHeOg 


O 4 XH 10 O 

O4XH8O3 



O5xBCx0^2 

<fec. 

<&o. 



It is obvious that in such series x must be equal 
to 1, and the atomic weight of carbon must be 12, 
and not a smaller number such as 6. For sup- 
posing 0 = 6, then each formula would represent 
the proportion of carbon present as divisible into 
two equal parts, for which there is no justification 
in fact. Moreover, in such a series as the parafiins, 
there would be on that hypothesis a gas composed 
of carbon and hydrogen having half the density of 
marsh gas, and the formula CHg. _It is almost 
needless to say that such a gas is not known. A 
similar argument may be based upon the well-estab- 
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lished fact that in tho numerous definite decom- 
positions in which the oxides of carbon are evolved, 
none are known in which carbon is eliminated in 
this form in quantity less than would be expressed 
by 12 parts by weight. Take formic acid, for example : 

a*HsOj,"-KriO-o,o 

CxHA+0 «.C,Oj,{'HsO 

If C*=6 those quantities would have to l»o repre- 
sented as OgO anti OjjOj, rospotftivoly, which woultl 
bo unnecessary anti illogiail, so long as is known 
to represent an intlivisiblo quantity. 

Tliroughout this long iliscnasion, extending over 
twenty years or more, two chief considerations wore 
gradually brought to one common focus; tho one 
baaed upon tho hypothesis of Avogiulro provides a 
uniform measure of moloetdar magnituties, tho other 
indicates tho limitotl combining twipacity of otich 
elementary atom, and of each group of atoms form- 
ing a radicle. If to this is superadded tho stritstly 
chemical process which consists in ascertaining hy 
experiment whether tho quantity of any given ele- 
ment, found in a aeries of molecules of which it is 
a common ingiedient, is divisible into several equal 
parts, or is not so divisible, we arrive at tho con- 
clusion that the indivisible or atomic proportions 
of each element can be determined. And the end 
of it is, that taking one part by weight of hydrogen 
as the unit for the scale of atomia weights, and find> 
ing that not than 16 suoh parts by weight of 
oxygen ever enter into or leave a molecule of a com- 
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pound, 16 must be regarded as tbe atomic weight 
of this element. By a similar course of reasoning 
applied to the compounds of carbon, silicon, sulphur 
and its allies, it is now agreed that the value 
assigned to the atomic weight of each of these 
elements must be, as in the case of oxygen, double 
the value previously assumed, so that henceforth O 
stands for 12 parts of carbon, S for 32 parts of 
sulphur, and so forth. 

The new atomic weights and the simultaneous 
changes in the system of chemical formulae were, 
however, not generally adopted in text-books or in 
scientific memoirs till long after 1860. The new 
system was employed for the first time by Hofmann 
in his lectures at the Royal College of Chemistry in 
the year 1861, and this example doubtless assisted 
greatly to promote the recognition of the new doc- 
trine in England. In 1864 Dr. Odling, as President 
of the Chemical Section of the British Association, 
was able to congratulate the section upon “ the 
substantial agreement which now prevails among 
English chemists as to the combining proportions of 
the elementary bodies and the molecular weights of 
their most important compoimds.” But in France 
the formula for water continued very generally to be 
written t HO, or occasionally, with equal impropriety, 
HgOg, down to a period at least five-and-twenty 
years later. So great, even in science, is the in- 
fluence of habit and of authority in retarding the 
modification of long settled ideas. 


a 
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The application of the “law” of Avogadro to the 
settlement of atomic weights is, however, limited 
by the fact that certain elements, metals, appear 
to bo incapable of producing compoimds which are 
vaporisable without decomposition. Thus silver, 
gold, platinum, copper, and cobalt form no volatile 
chloride or other compound of which the vapour 
density could bo ascertained. In such cases recourse 
must bo had to other methods, whereof the most 
important is the application of the specific heat, in 
accordance with the discovery of Petit and Dulong 
published in 1819. These physicists found that 
when the number expressing the specific heat of a 
solid element is multiplied by the atomic weight of 
the same, the numerical value of the product is nearly 
constant. This is shown in the following table : 
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* Ann, 1819, X. 408. 
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The statement of the relation indicated in the last 
column of figures is expressed in the following words 
of the authors, p. 405 : “ Les atomes de tous les 
corps simples ont exactement la mSme capacite pour 
la chaleur.” 

Of course several of the values inserted in this 
table have since been proved to be exceedingly 
inaccurate. More modern researches have estab- 
lished the general truth of the principle here enun- 
ciated, but only when the temperature at which the 
specific heat is observed lies between the freezing 
and boiling points of water in the eases of aU the 
elements except carbon, boron, silicon, and beryllium.^ 
The influence of temperature on specific heat is much 
greater than was formerly supposed, and the results 
of modem investigation show that at a very low 
temperature, such as the temperature of boiling 
liquid hydrogen, it becomes very small, and probably 
in all cases it disappears at or near the absolute 
zero.® 

The system of atomic weights at present in use 
is referred to hydrogen as unity, but the scale upon 
which the atomic weight is calculated makes no 
difference except in the absolute value of the pro- 
duct, approximately constant, obtained by multiply- 
ing together the specific heat and the atomic weight. 
On the hydrogen scale this product is about 6'4 


1 Tilden, Jowm. Chem.. Soc., 87, 661 (1906). 

* Nemst. Chem. Soc. AnnwU Report for 1912, p* 9. 
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and the process of settling an atomic weight is very 
simply based on the equation — 

Atomic Wt. X Spec* Heat ^0*4, 

from which, if the spocihc heat is known, the atomic 
weight can bo at once roiighly caknilated. Since, 
however, the exporimontol difficulties attending the 
doterminatioix of the specific heat are greater than 
those which are involved in tho tlotorinination of the 
combining proportion of an oloxxiont, tho numbers 
expressing specific heats are less exact than those 
which express combining weight. Tho atomic 
weight is either identical with tho combining pro- 
portion, or is some multiple of it. Ko that, in order 
to fix tho atomic weight of a metal, wo take that 
multiple of the eqtuvalont or eomlxining propor- 
tion which comes nearest to tho value of this pro- 
duct. The specific heat of tin, for oxamplo, is 
•0669 (Bunsen), and 29’5'6 parts of tho motal com- 
bine with an equivalent of chlorine. Then, since 

At. Wt.— gp~^»:^g|-114'6, the atomic weight is 

taJken to be,29'76x4, or 119*0, or thereabouts, 
rather than 29*76 or any smaller multiple of this 
number. 

It is interesting and important to note that when- 
ever the two methods, based on tho use of tho law 
of Avogadro on the one hand and that of Petit and 
Dulong on the other, can be applied to tho same 
element the results agree. Thus nickel is known 
to have an atomic weight which approaches 69, for 
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the specific heat is ‘108 and 59’2. Also the 

vapour density of its carbonyl eompoiind is 86‘5 
compared with hydrogen. Hence the molecular 
weight of this compound is 173, and it is found by 
analysis to contain 33'3 per cent, of nickel ; 173 
parts therefore contain 57*6 parts of nickel, which 
is in practical agreement with the value derived 
from the specific heat. But just as the law of 
Avogadro had to wait nearly fifty years for general 
recognition, so the principle asserted by Petit and 
Dulong remained imapplied and almost unnoticed, 
save casually as a matter of curiosity, down to com- 
paratively recent times. It is true that Regnault, as 
a result of his researches, commenced in 1840,^ was 
led to regard the law as imiversally applicable, but 
Kopp, who resumed the question a quarter of a cen- 
tuiy later, came to the conclusion ^ that the law of 
Dulong and Petit is not strictly valid, even when the 
exceptional cases of boron, carbon, and silicon are ex- 
cluded. The want of ex<xct concordance among the pro- 
ducts of the multiplication of specific heat by atomic 
weight does not, however, prevent the very general 
application of the law for the purpose of controlling 
atomic ■w'eights in the maimer already described. 
And chemistry is indebted chiefly to the representa- 
tions of Cannizzaro® in 1858 for the recognition 

' Especially Ann. Ch. Phya. [2], 73, 66, and [3] 26, 261, and 
46, 267. a PhU. Trans., 1866. 

* II Nxlovo Cimento, 7, 321. English version in Alcmhio (Jluh 
Meprinta, No. 18. 
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of this most imjwrtajjt iiso of the o!>servf*(i re- 
lations. 

The system of atomi<t weights uu»st genei'ally 
adopted at. the present <lay takes hydrogini as tmit.y, 
though tinfort.unatoly there is not a tmiversul ugree- 
mont »is to thi.s matter, for a eonsiderahhj nnmhor 
of <'homiat»s prefer to use tlio roitiu! ttumher !<! f<»r 
oxygeti, on the gromul that if tliis miinhtir is used 
instead of the .stnnowhat smaller vahn? which more 
exactly roproaonts the atomic weight of oxygon when 
hydrogen is taken as the unit, the atomic weights of 
many of the more common of the clomonts may 
also bo represented by whole numbers without appre- 
oiahlo error. Thus, if O is 1C, wo have As -=75, 
Br=«80. aa=:40, C«12, B" -= ID, F*o - 50, 

Hg= 200, N==14. Pr-m, Na - 23, S 32. 

Sn = 119, very approximately. It must not Ihj 
forgotten, however, that if 0=^16, the value 1*008 
must be assigned for all exact purposes to hydrogen. 
A table of atomic weights in accordance with the 
best avmlable evidence is annually puhllshed by an 
International Committee, in which the number 1C is 
adopted as the atomic weight of oxygen. 

Whether the one scale or the other is used, how- 
ever, is a matter of small importance in comparison 
with the immense advantages which have accrued 
from a general agreement as to tho methods by 
which the atomic weights may be oaioulated from 
the chemical equivalents. As a consequence of this 
agreement oerUdn relations among the numerical 
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values of the atomic weights have been discovered, 
and the nature of the elements themselves set in an 
entirely new light (see next chapter). 

It seems proper to recall at this point the names 
of a few of the more prominent among the workers 
who have laboured to introduce accuracy into the 
experimental estimations of the combining pro- 
portions of the elements, from which the atomic 
weights of the same are, as already explained, de- 
rived. The first to make experiments explicitly 
directed towards the estimation of the relative 
weights of atoms was, of course, John Dalton, but 
the numbers he obtained were in many cases so far 
from the truth, that his results have at the present 
day no interest, except from the historical point of 
view. The same may be said of the “equivalents” 
calculated later by Wollaston Trcms., 1814), 

and the first chemist to whom science is indebted 
for estimating these ratios with a tolerable approach 
to accuracy was the Swedish professor Berzelius. 
To this business, indeed, he devoted the greater part 
of a laborious life. His example was to a certain 
extent followed, and a number of very exact estima- 
tions were due to the labours of Dumas, Pelouze, 
De Marignac, and others. Later, the most enoinent 
among the numerous workers in this field was 
J. S. Stas, who, in a series of papers of which the 
first was published in 1860, gave the results of his 
experiments on the atomic weights of ten elements, 
conducted with precautions more elaborate, and with 
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a skill Tuoro rofinod than anything previously known 
in rosoarchos of this kind.* 

Tho object aiinoil at is to tlelorniine exactly the 
proportion of oa<5h element whi<*h enters into ooni- 
biiiation with the unit weight of some one element 
taken as tho standard. During tlu^ first quarter of 
last century oxygen was ustsl as the standunl for 
eompai’ison, an<l its eontbining unit was assumed to 
bo 100. But inasmutih as hy<lrt>gon enters into 
combination in tho smallest pro{)orLion of lUl, it was 
soon found inoro convenient to Uiko hytlrogon as 
the standard, and refer all other combining weights 
to that of hydrogen, assumed to bo I. Tho hypo- 
thesis suggested by Front in IKt5, that thc) atomic 
weights of the olomonts are multiplas of tho atomic 
weight of hydrogen by whole mimbom, <Iouht!osH 
assisted in promoting tho ailoption of hydrogen iw 
the unit. This hypothesis in its original form has 
long since been abandono<l. 

Hie methods actually omployotl for tho purpose 
contemplated are very <liverso. It is not poasiblo in 
all cases to obtain compounds of tho olomonts with 
hydrogen. The metals, for oxamplo, afford but few 
examples of such compounds. On tho other hanti, the 
metals form oxides whioh, as a class, aro remarkably 
definite and stable substances. Analytical difiicultios 
of a practical kind, however, also stand in the way of 

* A oosD|d«ta aoooant of ih« objoot, soope, ssd nsialU of Stas* 
work i« given in f>he Memoriei I,eotnie bjr Profeneor J. W. MiUlet, 
read before tbe Obemioai Sooiety, Deo. 1S98 .— TVkhm. Chem, Soe., 
88 . 1 ( 1898 ). 
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directly ascertaining the proportions of the elements 
in such compounds, and chemists resort, therefore, to 
the chlorides, bromides, sulphates, and other com- 
poimds, as well as to the direct examination of the 
hydrides or oxides for the information desired. 
The ratio in which hydrogen and oxygen stand to 
each other in water is a matter of such funda- 
mental importance, and the experimental processes 
employed are so instructive, that a short account of 
them may be given here. 

All the early determinations of the composition 
of water by weight were based upon the fact that 
copper oxide may be heated to redness by itself 
without decomposition or loss of weight, but that 
in presence of hydrogen it yields copper, which 
remains behind, and water in vapour, which may 
be condensed and collected in suitable apparatus, so 
that its weight can be determined. Hence the loss of 
weight sustained by oxide of copper heated in a stream 
of pure hydrogen would give the weight of oxygen in 
the water which is formed. The difference between 
the weight of water and that of the oxygen in it gives 
the hydrogen. The first results of real value were 
obtained by Dumas, and were published in 1842. 

The figure, given in Dumas’ paper in the Armales 
de Ohvmie, shows the vessel in which hydrogen was 
generated, tubes containing materials for purifying 
and drying the gas, a bulb containing pure cupric 
oxide, and a second bulb with connected tubes, iii 
which the water formed is collected without loss 
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of vapour, (5arri<«l away l»y tho osoapiiijj^ oxch'.sh of 
hydrogen. The weight, of the hull) eontainiug the 
oxide is del.orinine<l with great eare before the ex- 
jxirinicnt begins, anil again at it,s »'lo.se. The weight 
of tho bull) and of the eonneeted inbe.s is al.so doter- 
niinod when empty, and afti^r the eoHeetion of the 
water. Many proeantions are neee.s.miry, and many 
wore actually lulopteil by i>uu)a.s, but all sources of 
error conlii not !>o avoidoil at tliat day, even if they 
wore recognised. Some of tho experimental diffi- 
culties are obvimts enough, such as tho impuritias 
present in hydrogen obtained by tho laiatomary 
methods, tho difficulty of rontoving moisture from 
tho ga«, and tho intrusion of air by leakage throtigh 
tho joints of tho apparatus, tho proKoneo of impurities 
in tho copper oxide, tho imcortainty of the weigh- 
ings performed in atmospheric air, the isnwlition of 
which as to moisture, pressure, and tom|x}ntturo varies 
from day to day. These and others, unsuspoctoii in 
Dumas’ time, have been oonsidorod, and more or loss 
oompletely met by later investigations. The results 
of these suooessive inquiries into tho application of 
this method are given below : 


Namott dt 

Duma« 

Brdmann mnd Marohand 
Cook and Biobiurda * 
Kjeis^ 

Bittmar and Henderson 

Koyes 

Xiadno 


Combining W«iKbt 

Prolifthlo 

of Ovyftwn. 

Error. 

. lft-8007 

d 0070 

. 16*975 

i'Otta 

. 15*869 

4 ooao 

. 15*8614 

i *001 1 

. 15*8667 

±0046 

. 15*8966 

±0017 

. 15*881 
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An entirely distinct metliod, involving the diffi- 
cult task of uniting oxygen to hydrogen, and "weigh- 
ing not only the water produced, but the gases 
themselves before combination, was undertaken 
' by Professor E. W. Morley. The hydrogen was 
absorbed by palladium, and the metal with the 
“occluded” gas weighed separately. The oxygen 
was weighed in the gaseous form in compensated 
globes, and the combination of the hydrogen "with 
the oxygen was effected by means of electric sparks, 
in an apparatus in which the resulting water could 
be collected and weighed, while the uneonsumed 
residue, whether of hydrogen or oxygen, could be 
collected apart and determined. The result of a 
series of such experiments gave for the combining 
weight the value 

16-8790 ± -00028. 

One other important method, involving again a 
different principle, must not be omitted : this is a 
comparison of the densities of the two gases, hydro- 
gen and oxygen, with the assumption, fully justified 
by abundant evidence which cannot bo discussed 
at this point, that supposing them to be true gases 
(see Chapter IX), their densities would be pro- 
portional to their combining weights. Oxygen and 
hydrogen are not, however, perfect gases, uniting in 
the exact ratio of one volume to two volumes. As 
the combined result of very elabosate experiments 
conducted by Dr. Alexander Scott ^ and by E. W. 

^ Phil. Tran$,^ 1898 , 
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Morley,^ the ratio is actually 1 to 2‘0028, with a 
small probable ori’or. 'riiis fact has to bo tivken 
into account in ostiinating the choiuical combining 
weight of the gases fnnn their relative <lensities. 

A largo number <tf weighings of these gns(‘s have 
btion made by successive generations of <!homi.sts 
from the times «>f (Wendish and I^jivoisier onwauls, 
but th<5 first <h!termination.s which attained to any 
(ionsidorablo tlogroo of atsuiracy were those mado by 
Rognault about 1K45. The subject 1ms boon takoji 
up dgatn in ro{Jont years by Lord Kayloigh,* ami by 
Morloy, whoso work htis alroatly boon roforre<i to, 
also by tho lato Professor J. P. (Jooke, and others; 
the result being that tho luutibor finally mlopunl, juj 
expressing tho tlonsity of oxygon, is appreciably loss 
than the number resulting from Hegnault's ami tho 
other earlier estimations. In tho end tho results 
stand as follows; tho value of tho symlml () from 
the synthesis of water is 16’87G0; from tho ilonsi- 
ties of tho gases it is 16*8760.* The nund>or 15*88 
may therefore be taken for all practical purposes as 
the combining proportion of oxygon. 

* Amer^ Joum. Sei, [8], xlv!. 220, 278, 

* “On the DonaltiM uf tbo Prinolpal CiwitJi" (/'roe, Rog, Roe,, 
Hit. 184). 

* Theae «r« the mines oalonlated by Professor K. W. Clnrke from 
«11 tbe best data oombioed. Bee SmithmmkM Cbiwtente NtUure. 
A RBetdevkaicn efihe AiamAo WtighU, 8rd ed. 1910. 



BIOGRAPHICAL NOTKS 


109 


BIOGRAPHICAL NOTES 

Amedeo Avooaduo (di Quarogiia e di Cerroto) was born at 
Turin, 9t;h August 1776, and died 9tli July 1856. The name 
Avogadro appears to be a modification of Avoaatzs in reference 
to the functions discharged by the family in early times in 
connection with the legal business of the clergy. Amedeo 
himself took the degree of Doctor in Ecclesiastical Law, and 
for some years was engaged in the practice of the legal pro- 
fession. But from aboxit 1800 lie began the serious study of 
mathematics, and in 1809 became Professor of Physics at Ver- 
celli. In 1820 the hrst Italiaix chair of mathematical physics was 
instituted at Turin, and Avogadro held this chair till the end 
of 1822, when it was suppressed. In 1882 the chair was re- 
stored, and after being occupied by Cauchy for two years it 
was given again to Avogadro, who held it till 1 860, whoix he 
retired. 

lOpere Hcelte di Avmleo Avotjadrn^ Published by the Academy 
of Sciences of Txirin. Prefaced by a Life by Prof. J. (^nareschi, 
1911.] 

Stanihlao Oanniss^sauu was born in Palermo on 13tli July 
1826, the youngest of a large family. At the age of hftuen he 
began the study of medicine at Palermo, but in 1846 he made 
the acquaintance of the physicist Melloni, and by his intro- 
duction became assistant to Piria at Pisa. Henceforward his 
studies were devoted to chemistry, though interrupted by his 
taking part in the revolution in Sicily. Escaping to Paris, he 
worked in the laboratory of Chevreul, and joined Olocss in 
work on cyanogen chloride, which was ptiblished in the Compt6» 
JtmdvA in 1851. Soon afterwards he was recalled to Italy and 
appointed Professor at the National School at Alessandria. 
Here he discovered benssylio aloohoL In 1856 Oannissssaro was 
appointed to the Chair of Chemistry in the University of 
Genoa, but once more he left hie studies to join the revo- 
lutionaiy movement, under Garibaldi, which led ultimately to 
the uniheation of Italy. In 1861 he was called to the Chair 
of Chemistry in Palermo, where he remained about ten years. 
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In 1871 ho wa» ai>|>omtod to the Chair in tho now Univoraity 
of liotnc% and this ho retainod^ togothor with tho poaition of 
Senator, till within a year of his death, which occurrod on tOth 
May 1910, Cannk»jaro ocoupiod liitnsolf wdth «nhicM*ts drawn 
from orj^anic chemistry, hut his f^reat sorvieu to science consists 
in the Shii'h uf <t Vnum^ o/* Vhfmiml PAt7afr>p4//, published in 
1B58, of which the principles were i^xpounded in 1B0H at the 
Chemical Oouj^ress at Oarlsruhe, a);;ain in 1892 at tho 
Faraday Memorial Lecture given In^fore the Chemical SiHiiety 
in London. 

[OanniEssaro Memorial Lieoture. W. A» THden. Joxmi* 
C?Um. Soc., 101, 1677 (1912).] 

Fkank WiaoLXBWORTH OnARKK, LL.D., D.Bo., chief chemist 
to the United States Geological Survey. 

JoHiAM Parhonh 0<K>KK, bom at Boston, 12th Getol>er 1827, 
Krving Professor of Chemistry and Mineridogy at Harvard 
University, Cambridge, Muss. 

He died 12th Septemlier 1894. 

[Biographical sketch hy M* Benjamin. ^kuttUifif Amerimn^ 
57, 377 (1887).3 

OharTiKh FaiDftRic Gkhhars>t was horn at Strasbourg, 2ist 
August 1816, the son of Paul Gerhardt, a chemical manu* 
facturer at Berne. He early showed a taste (or chemistry, 
and attended the lectures of Professor Erdmann at Leipsic. 
Owing to a quarrel with his father he enlisted in a regiment of 
Chasseurs, but after a short service regsined his freedom with 
the assistance of a friend. He then proceeded to Giessen, and 
worked under Liebig’s direction for eighteen months. In 1838 
he went to Pans, and commenced rei4Mircbes on cuminic acid 
and other compounds at the laboratory of the Jardin des 
Plantes* In 1844 he was appointed Pt*olessur at Montpellier, 
but after four years he abandoned his chair and returned to 
Paris, where he established a laboratory of his own. In 1865 
be nominated Professor to the Faculty of Sciences at 
Strasbourg, but after a very short illness he died on 19th 
August 1856, Just as he hi^ completed his great work on 
Organic Chemistry. 

[Obituary, Joum, Cftsm. She., 10, 187 (1885).] 
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August Wilhelm von Hoemann was bom in Giessen, 8th 
April 1818. He matriculated at the University, November 
1836, and took his degree August 1841. He continued to work in 
Liebig’s laboratory, and in 1843 published his first research on 
coal tar, in which he proved the identity of Runge’s Jcyanol with 
Fritsche’s aniline. He then became first assistant to Liebig, 
and in 1845 was appointed Extraordinary Professor in the 
University of Bonn. In the same year the Royal College of 
Chemistry was founded in London, and Hofmann was invited 
to become the first professor. In 1866 Hofmann was appointed 
to the Chair of Chemistry in the University of Berlin, He 
died suddenly, 9th May 1892. Hofmann’s very extensive 
researches related chiefly to the production and properties of 
the organic bases, especially aniline and its derivatives, includ- 
ing some of the artificial colours. 

[Hofmann Memorial lieoture. Playfair, Abel, Perkin, 
and Armstrong. Jonrn. Ohem. Soc., 69, 575 (1896). Also 
** Sonderheft,” Ber, d. DeuU Qhem. Ges.^ 1902.] 

Hkiimann Kopp, born at Hanau, 30th October 1817, the son 
of a physician. He studied chemistry first at Heidelberg under 
Gmelin, but graduated at Marburg. In 1841 he became private 
docent in the University of Giessen, On removal of Liebig to 
Munich, Kopp and Will were appointed professors, with joint 
charge of the laboratory. In 1 863 Kopp accepted a call from 
Heidelberg, where he remained till his death on 20th February 
1892. 

[Kopp Memorial Lecture, T. B. Thorpe. Joum. Ghem. Soc,, 
63, 776 (1893).] 

John William Mallet, P.R.S., was born near JDublin, 
10th Oct. 1832. He was educated at Trinity College, Dublin, 
and in Gottingen under Wohler. About 1854 he went to the 
United States, where he occupied successively a number of 
offices, ultimately becoming Professor of Chemistry in the 
University of Virginia. He took part in the Civil War from 
1861 to 1865, but he never became naturalised as an American. 

He died in Charlottesville, Virginia, 7th Nov. 1912. 

[Obituary by Theodore Wt Richards, Journ^ Ohem. 103, 
760 (1913)*} 
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Ei>\vaiu> Wn.T.iAMK Mohlky, Hc.D. (Yale), Professor-Emeri- 
tus in the Western Reserve University, Cleveland, Ohio. 

WinuAM Odlino, M,A., Wayntiete Professor of 

Ohoinistry in the University of Oxford. Retired 1912. 

THKOPHiiiK JrnKH PKtiOUViK, hom 2(lth Fohnmry 1807 at 
Valo^nes (Dop. tai Maticho). Pelt>u«e began life in connection 
with pharmacy, hut having gained jidiniisHion to Gay-Lussac’a 
lalH>ratory, Im <levotod himself exclusively tt> ehemi8t^3^ In 
18110 he lH3canie fora time AssiHuate Profossor to the Mxinid- 
pality of Lille. Later he hecume Professor »t the flcole Poly- 
techalquu, and in 1850 succeeded TlM'manl at the Oollcgo do 
France. In 1848 lie also l>ec*ame President of the Oominission 
dos Motinaies, and carried o«t the recoining of the silver 
and copiHjr. 

He died 31st May lSh7. 

[Obituary, Jwrw. (Vtetfi. »SVic., 21, xxv. (1808).) 

AtiKxm Tui^HftaK Pktit, horn 2nd Octolnjr 1701 at Vesoul, 
ditni 2lst June 1820 in l^aris* Btndeut, and later Professor of 
Physios at the ifecole Pulyteohniijtm, Paris. 

I Poggondurffs ItamhviiritrhHch,^ 

WinuAM Prout, born 1785. M.D. of Edinburgh, 1811. 
Physioian. He die<l in 1850. 

yMiarntry of Nationtd 

AnKXANt)«K D.8 c. Kditn, F.R.S. From IHIKJ to 1012 

Superintendent of the Davy-Faraday liaboratory of the Royal 
Instituttun. 

Jkak SsHVAm Stab was borit at Louvain on the 2lst Aug. 
1813. He graduated as Doctor of Medicine, but never pmotiaed. 
Having gained ttdmissiun to Dumas' Iah<initory in Paris, and 
with him worked on a number of organic compounds, he joined 
Dumas in redetermining the atomic weight of carbon. In 1840 
Stas returned to Belgium to enter on the Professorship ot 
Chemistry at the &oole Royale MiUtasre* He afterwards held 
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for some time a position in the Belgium mint. He died on the 
13th December 1891. 

[Stas Memorial Lecture. J. W. Mallet. Joum. Gh&m. Soc,^ 
63, 1 (1893).] 

Alexandeb WiiiiiiAM WiLiiiAMSON was born at Wandsworth, 
1st May 1824. In 1840 he began the study of chemistry 
under Gmelin at Heidelberg, but in 1844 he went to Giessen, 
where he remained two years, working chiefly with Liebig. 
In 1846 he went to Pans, and studied mathematics with Auguste 
Comte. In 1849 he was appointed to succeed Pownes as Pro- 
fessor of Practical Chemistry in University College, London, 
and here he produced his memorable work on ** Etherification,” 
and other papers on the “ Constitution of Salts,” in which the 
idea of the “ water type was set forth. On Graham’s retire- 
ment Williamson undertook the duties of the chair, which he 
retained till 1887. He died at his house at Hindhead, 6th May 
1904. 

[Obituary by G. Carey Foster. Joum. OJiem, Soc,, 87, 605 
(1906).] 
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()HAl»TER IV 

NTTMERIOAL llEEATK^NS AMON'tl THE ATOMIC %VEIGHTS : 

CEAaSIKICATION OE THE EI.KMKNTS 

It may be iiiforrcKl, from what Ims Ikm!h state<I in 
tho proco<ling cthaptor, that tho pronnas of clcttsr- 
mhiing an ntornio weight msoivos itself into two 
parts, namely, tlio exact determination of tho con- 
bining proportion, or, as it was formerly called, tho 
equivalent, an<I tho multiplication of tho equivalent 
by a factor, 1, 2, 3, or 4, dorivotl from tho appHtai- 
tion of tho law of Avogmlro, tho law of Dnlong and 
Petit, or from some other ctuisitloration, jicconling to 
tho oircumstancos of tho caso. 

A complete digest of all tho tlelorminations of 
modem times has boon projmroil by Professor F. W. 
(Jlarko, Und published as a volume of tho **<JonstantH 
of Nature,” by the Smithsonian Institution, Wash- 
ington (third edition 1010), and tho numltors have 
been generally adopted by tho International Com- 
mittee and issued annually in tallies publishod by 
the English and German Chemical Hociotios. Some 
of these values are probably Inexact, but they 
represent the best estimate which can bo mado in 
the present state of knowledge. 
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The hypothesis put forward by Prout early in the 
century has been a fruitful source of discussion, and 
even at the present day is regarded by some chemists 
as hardly yet disposed of. Prout supposed that the 
atomic weights of the elements are multiples by 
whole numbers of the atomic weight of hydrogen; 
but in consequence of the atomic weight of chlorine, 
according to the experiments of many chemists, 
invariably coming out midway between 35 and 36, 
it is obvious that the principle thus expressed is 
imtenable. Consequently it was suggested, first, that 
the hypothesis might be modified by making one 
half the atomic weight of hydrogen, and subse- 
quently one fourth the atomic weight of that element, 
the unit. Stas began his researches with a strong 
prepossession in favour of Prout’s hypothesis, but 
the results of his protracted labours, by far the most 
trustworthy of all the systematic investigations of 
the subject which we possess, only led him to regard 
it as improbable that any such relation among the 
atomic weights really subsists. 

A large part of the interest attaching to this sub- 
ject arises from its association with the question as 
to the probable nature and origin of the chemical 
elements. On the one hand, each of the elemen- 
tary bodies may represent a separate creation inde- 
pendent of all the rest, and having liothing in 
common with them. On the other hand, supposing 
a relation can be traced between the masses of 
the atoms of which different elements are composed, 
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then it is opon to inquiry whether they may not 
have hail a common origin; whether they may not 
represent several stages in a formative or ovolntionary 
process, o|)orat.ing upon a primitive simple material ; 
and whether in that cast^ it may not bo possible to 
transform one into another by i,ho ojn'ration of 
agencies within tho range of pra»*tieab}e experiment. 
Some account of modem apeeidutions on this subject 
will bo given in a later ehaptor. 

It hiul long lioon noticed, and spoeiuliy pointed 
out by Poborcinor in that wlion families of 

closely allied elements are examined they are com- 
monly fouml to consist of three momhors, for ex- 
ample chlorine, bromine, imlino or sulphur, solonion, 
tellurium or lithium, sodium, potassium ; and that 
in such cases tho values of the atomic weights are 
so related that tho middle term of tlie series is 
nearly tho arithmetical moan of tlio two other 
terms. For example : 

8 8 

But no general discussion of the subject {KfssoHsing 
much interest appeared until 1H5H, when Dumas 
published a moat interesting Mimoire mir lea Jtqui- 
vaZents dea Oorpa SiTnpteaZ 

In this memoir Dumas drew attention to the 
analogy K^hich may bo recognised between series 
of ol(^ly related elements and the known series 
of compound radicles, such as methyl, ethyl, propyl, 
* Afm. CMtn, Pkyt. [8], 6S, 188. 
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&e., of wliicli so many examples occur among carbon 
compounds. Thus, regarding hydrogen as the first 
member of the series, and writing equivalent quantities 
of the hydrocarbon radicles in succession with their 
combining weights, we have — 


Hydrogen 

H 

1 

Methyl 

OH 3 

15 

Ethyl 

C 3 H 3 

29 

Propyl 

C 3 H, 

43 

Butyl 

C 4 H 3 

57 

Amyl 

CsHu 

71 

Sdq, 

&c. 

&c. 


Here it is obvious that in passing from term to 
term there is a common difference of 14 units, and 
representing the value of the first term as a, and the 
difference as d, the value of any single term may be 
expressed by a+nd. Hence, on taking three terms 
at equal distances in the series, it is found that the 
combining weight of the intermediate term is the 
arithmetical mean of the combining weights of the 
other two. For example, 43 is equal to the sum of 
29 and 57 divided by 2. Dumas also drew atten- 
tion to the fact that in such a series combining 
proportions represented by such numbers as 141 
and 281, 127 and 253, stand so nearly in the 
relation of 1 to 2 that if they belonged to substances 
supposed to be elementary, and not known to be 
compound, it would almost certainly be inferred 
that this actually represented the ratio of the one 
to the other. Relations veiy similar to these are 
traceable among the members of the several recog- 
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iiisod naltirai iainilips of tho elonicnts, aiul Dumas 
was able, with tho alomu* woijjfhts ae<;e|}to<l at that 
tinio, many of which had boon t!orrooto»l by his own 
oxporinumts, to reprosent sovoral soriiw by formula* 
of this kin<l. Ho further showt'd that, oji placing 
oort,<iin of these groups sitlo by side, a common 
diiforoiwjo ran througli tho auccaasivci terms of tho 
parallel series, F<»r tssampU* : 


Flnopine, F • 

, \n 


• 14 

Uhlorino, 01 . 

. 35-5 

PhosphoruB, V . 

. 31 

Bnimino, lir • 

. 80 

Ameiiicy An * « 

. 75 

Icxiine, 1 • . 

. 127 

Antimony, H!i , 

. 122 


Horo tho tlifferonco Iwtwoon oach term of tho 
halogens and tho eorrosjKmdhig mcnilwr of tho 
nitrogen series is, with one tixeoption, oxa<*.tiy .*>. 
Later determinations have, however, so mcslified 
.those numbers that tho ilifToronco is no longer 
constatit throughout. The tpiestion of tho niinierlnnl 
relations among the atotnic weights was not long 
sttfFored to remain at rest. Many writers had drawn 
attention to various cases of Individual or serial 
peculiarities, but so long as the atomic weights of 
the elements remained uncobrdlnated with a com- 
mon standard, it is obvious that no sulistantiai 
prograss could be made. We have seen in the last 
chapter how, by the recognition of tho law of 
Avogadro and of the law of Dulong and Petit, the 
atoz3ado weights were ultimately SQrstematiaed ; and 
almost so soon as this was aooompUshed a vezy 
remarkable disoovecy was wsHaj which ummately 
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brought the whole of the known elements within 
one comprehensive scheme. This scheme, which is 
usually incorrectly referred to as the “ periodic law,” 
is based upon a principle which would more appro- 
priately receive that designation. The principle 
which is now generally recognised may be expressed 
as follows : If the elements cure a/rranged m the order 
of the Tiv/nierical voMu. of their atomic weights, their 
properties, physical and chemical, generally vary in 
a recv/rrent or periodic mamtier. 

We will now endeavour to trace the successive steps 
which have led up to this generalisation. The exist- 
ence of triads of closely related elements, as already 
stated, had long been recognised ; and an extension of 
this idea, recalling the properties of homologous series, 
had been discussed by Dumas, with results already de- 
scribed. But the various series of elements remained 
as separate series, disconnected one from another.^ 

In July 1864 a paper was communicated to the 
Ghermcal News by Mr. John A. R. Newlands, in which, 
in the course of discussing certain supposed regulari- 
ties in the atomic weights of the elements, he drew 
up a list of all the then known elements in the order 

^ A claim was put forward some years ago by Messieurs Lcooq 
de Boisbaudranaud Lapparent in favour of A. E. B. de Ohancourtois, 
for a share in the credit of haying originated the idea of the periodic 
relation of properties to atomic weights among the chemical ele- 
ments. In 1862-63 M. de Ohancourtois, a geologist and engineer, 
presented a series of papers to the French Academic des Sciences, 
which were collected together in 1868 under one title, “ Le Vis 
Tellurique, olassement nature! des corps simples ou radicaux obtenu 
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of tho iiuniorical value of thoir atomic woijjhts, ami 
in tlio month following ho was led to announce, 
with reforeiKio to t.his table, tho existence of a 
simple relation among the elements so arranged. 
Numbering tho elements in tmler, hytlrogen 1, 
lithium 2, glmsinum JJ, boron 4, and so on, ho pointed 
out that “ the eighth element, starting from a given 
one, was a sort of repetition of the first., or that 
olemonta belonging to tho same group sttKal to each 
other in a relation similar to Unit between the ex- 
tremes of one or more octavos in music.” 

Almost immediately after this, namely, in Oetobor 
of tho same year, an int.oroHting pjvjwr appearml in 
tho QmtHerljf Jtnvr^iul of Hfh'Wf (vol. i. p. (»42), by 
Dr. Odling, on “The Proportional Numbers of tho 
Klemonts,” in which ho pointed t.«» the nmrktHi <ion- 
tinuity in tho arithmotical .series, resulting from an 
arrangoment of the whole of tho then known elo- 
monts in the onlor of their atomic weights, or 
“proportional miinljors," as ho preforroil to call 
them, tho only oxuoptions to tho very gradual in- 
croaso in value of tho consoeutive tornis hoing 

an moyen d’an Syst&rae tie UlaMnifSoatiun heiiooida) et numeriquit." 
By ooiilng a helix with an anicla of 4i’>* round a eyiindi’r divided 
vertioally into sixteen equal ]«rt» by ilneH drawn fnim the uireuiar 
bale, tho helix onto these linei at equal diatanoes in Ita aaoont. luid 
the points of Interaeotion were auppoaed to repreaent the atnmio 
weighta of eiemente whioli differed from one another by 16, or 
mnltipleB of 16. The author aeema to have bad the idea that 
properties are in aome way related to atomio weight, but this 
idea was so oonfnnd by fantastic notions of his own, that it is isi> 
possible to be snre that be really reot^nlsed anything like iwriodioity 
in this relation. 
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manifested between the numbers 40 and 50 (Ca 
and Ti), 65 and 75 (Zn and As), 96 and 104 
(Mo and Ro), 138 and 184 (Ta and W), 184 and 
195 (W and Nh), and 210 and 231 ‘5 (Bi and Th).^ 
In this paper Odling showed that this purely arith- 
metical seriation may be made to agree with an 
arrangement of the elements according to their 
generally recognised affinities, and he drew up a 
table, of which the following is a revised version, 
published in Watts’ Dictionary of Chemistry (vol. 
iii. p. 975), only a few months later : 





Mo 

Pd 

96 

106*5 

W 

Au 

Pt 

184 

196-5 

197 

L 

7 

Na 

23 



Ag 

108 



Or 

9 

Mg 

24 


66 

Od 

112 

Hg 

200 

B 

11 

A1 

27-5 




- 


TI 

203 

O 

12 

Si 

28 




Sn 

118 

Pb 

207 

N 

14 

P 

31 

As 

76 

Sb 

122 

Bi 

210 

0 

16 

8 

32 

Se 

79*6 

Te 

129 


— 

P 

19 

01 

35‘5 

Br 

80 

I 

127 


— 



K 

39 

Rb 

85 

Cs 

133 





Ca 

40 

Sr 

87*6 

Ba 

137 





Ti 

48 

Zr 

89*5 

- 

— 

Th 

231 



Or 

52*6 


— 

V 

138 





Mn 

65 


— 

“ 





Here manganese stands proxy for the iron metals, 
and platinum and palladium for their respective 
congeners. 

^ Most of these breaks are now accounted for by the existence of 
elements discovered since that time, and with atomic weights 
approximately as follows, viz* 805=44, G*a=r70, and G*e = 72; the 
earth metals, La=139, 0e=140, Praseodymium = Fr= 141, Neo- 
dymium =Nd= 144, Sm=:160, Tb = 169, Eb = 168, while Ta is now 
181, and Nb 94. 



12*J TIIK l'R<HlRKaS OK SOIKSTIKIP CHKMISTRY IcHap. 

Towimin the omi of this {uijmt, tlu' aiuhor <lr»^w 
iitfcenticm t<» tho mimhor of iiiHhuiecK in whioh 

tho atnini<J weights of prnxinuito oloinents differ 
froin <mo another hy 4S or -W, or +0 or l(>, and 
remarks : “ We eantiot hel[> looking wistfuily af. tlio 
number 4 Jis omho«lying, somehow c>r other, tho 
unit of a common ditforonee." * From this it vvotild 
apjHRir that soniothing nindogous t<» tho ideaof homo- 
logy, which hjul attracted Dumiw, was hovering in his 
mind. Tn conclusion, tho pregnant oltsorvution occurs 
that ** among tho mombersof every weU-<loHnod group, 
tho soquonco of proportios and sofpienco of atomic 
weights aro strictly jMirallel to ono another.” 

fn August IHdfj Mr. Nowhuuls agtdn wrote to tho 
0Jt&>nitxU N&w (vol. xii. p. HH), as follow.s: “If the 
elements aro arranged in tho order of their equiva- 
lents, with a few slight transpoaitletis, as in tho 
accompanying tivblo, it will lie ohsorvoil that elements 
belonging to the same group usually appear in tho 
same horizontal lino. 

' No. NO. I No, No. No. 1 No. ' No. ’ NO. 

K 1 V lA CoANIW »r . I'd »t I .42 ISAlr 

; M 8 Nil » K SO C«l . 84 Rlt . 80 Aif 87 V* . 44 Tl . 

'a S MetO C» 17 Zll . 8A Sr . 81 CR 88 IBiaV4A I'll . 

I So 4 Af U Or IB Y . M CoAtABS (I 40 T* . M : Tb . 

I C A 81 18 Ti 18 In . 80 Sr . 38 So SB W .47 Hi; . A8 

N 8 1> IS Mn90 Ak . 87 UIAM084 8b 41 Nb . 48 ] St . AA 

jo 7 8 14 Ve 81 8a . 88|ltoAKn8A To 48 ^ Au . 4B j 0« . M 

NoU . — When two elemenui happen to have the eqiui valent, 

both are designated by the Ktme number. 

^ From the more eaaot valuee for the atomic weight# to be given 
later, it will be seen that these differenoee are but roughly repre* 
tented by theee whole numbers. 
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It will also be seen that the numbers of analogous 
elements generally differ either by 7 or by some 
multiple of 7 ; in other words, members of the same 
group stand to each other in the same relation as 
the extremities of one or more octaves in music. 
This relationship Newlands proposed to call the 
“ Law of Octaves.” 

The following year the same chemist brought the 
relations which he had observed to the notice of 
the Chemical Society of London, and produced a 
table similar to the above, with a few alterations, by 
which mercury was brought into the same lino with 
cadmium, lead into the same line with tin. He also 
used atomic weights calculated on Cannizzaro’s sys- 
tem, so far as known facts would permit. The time, 
however, had not arrived for the general acceptance 
of ideas of this kind, obscured as they necessarily 
were by imperfect knowledge, both of atomic weights 
and of the inter-relations of the elements as to 
properties. The Chemical Society in 1866 were dis- 
posed to laugh at Newlands and his “ law.” Twenty- 
one years later the Royal Society awarded him the 
Davy Medal for his discovery. 

Others, however, soon took up the question in 
a very serious spirit, and with less of the hesita- 
tion which had characterised the treatment of the 
subject up to this time. This arose concurrently 
with a feeling of greater confidence in the re- 
vised system of atomic weights, which by the 
end of the decade 1860-70 were quite generally 
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adoptetl, at, any rato in Kaglaiul ami tU'nuany ; and 
pnibahly out. of Uiis <*<»nlidtnice was gradually dc- 
vclt>|MKl .sumo idea that tin* relations already ii<>tico<l 
did iiulocd correspoiai fo soino profound physical 
law relating to the nature of (he elements. In 
March liSdP, Professor 1». MeudeleetV eommunieatod 
a iMiptjr t.o the llussian < 'heiuii'al Soeie.ty,* in which 
ho sot out an arrangouiont of the elomonts in a 
tahlo having tionsitlorahlo rosoinhianco to tho table 
drawn up by Odling fivo years hofore. 

MKNnKt.tfBrK’s TaihiB or tick Ki.kmksts, 18(50. 






i*t 

ffii 

Zr 

on 


180 





V 

r.i 

Nil 

01 

'I’u 

182 





iV 

* 52 

Mo 

on 

W 

IH<» 





Mil 

rc» 

Hh 

ini’} 

l*t 

1071 





Ki» 

ftO 

Hit 

HM*4 

Ir 

lt*8 




Ni 

i*4i 

r.w 

IM 

M«i*n 

IM 

* itm 





V%\ 

n;i*4 

Atf 

108 

Hk 

200 

B« - 



24 

/41 


c*.i 

112 


H 

11 

Af 

V!7-4 

i 

OM 

Vr 

‘ iin 

An 

^107T 

0 

12 

Mi 

2H 

t 

TO 

Hn 

IlK 



N 

H 

1* 


An 


Hit 

122 1 

Hi 

210 

1 (> 

in 

M 

m 

H«s 

7»*4 

'rti 

128? 



! K - 

lit 1 

VI 


Hr 

HO 

! 

- 127 



Na-‘ 


K 


Hit 


tJn 

i;i;i 

Tl 

'204 


23 1 


- 40 

Hr 

- 87 ’0 

Ha 

“ i:t7 

Hit 

-207 


i 

f 

rs45 


ii2 







TKr 

-m 

U 







j 

?Yt 


IH 

- 05 







Tin 

1 

Th 

1 

-Tiiai 



1 



In (K>mmontiiig upon this tablu the Cilorman aU> 
stract,* which ia alone iMKJoaaihlo to Klngliah, and 
presumably also to most Gorman roiulors, repre- 
sents the author’s view by tho following words: 
** 1. Die naoh dor Qrosse d€» Atomgewiohts geord- 

* /Ur Clh€mU, }860, p. 40S. 
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neten Eleraente zeigen eine Stufenweise Abanderung 
in den Eigenschaffcen.” This appears to contain an 
important error of translation, for Mendel4eff, in 
a communication made to the Berlin Chemical 
Society ^ upon the history of the question, explains 
in a footnote that the word which in the Kussian 
original means p&riodiaohe, has been rendered stuf&n- 
weise (gradual, or by degrees). It must, however, be 
remarked that the table does not so obviously sug- 
gest periodicity of properties in the elements so 
arranged, as does Newlands’ earlier, though con- 
fessedly imperfect, attempt. 

In this paper MendeleefF pointed out that the 
discovery and properties of elements then unknown, 
as for example analogues of silicon and aluminium, 
might be predicted; and further expressed the con- 
viction that such a system might be applied to the 
correction of atomic weights, citing as an example 
the case of tellurium, which, according to this view, 
ought to have an atomic weight smaller than that 
of iodine. 

In December 1869, Lothar Meyer, then professor 
in the Polytechnicum at Carlsruhe, contributed a 
paper to Liebig’s Annalen, ® entitled “ Die Natur der 
Chemischen Elements als Function ihrer Atom- 
gewichte,” in which, after giving a table of elements, 
with their atomic weights, which he described as 
substantially identical with that of Mendel4eff, he 

^ Berichte der Beutsch. Chem, Qes.^ 4, 351 (1871). 

* Supplement, vi. and vii-, 1870, p. 364. 
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pointed out that troni the table it may be de<luced 
that the properties of the elomoiits are goiiorally 
a pcricKlic f mwtimi of the atomic weight. This obacr- 
vatioii seoms to show that the porioditnty did not 
bo(!on>o apparent t.o Mt\v<T, at any rat<‘, till the table 
of Mendoh-eif had boon .snbjccte<i to the modifications 
introduoetl by Moyer, and shown lu'low : 


I. 

n. 

111. 

!V. 

V. 

V.. 

vii. 

via. 

j 

IX. 


a n 

A1 

27 R 




*ltl UH’I 

( 

1 

Tl «02‘7 


tt 12 

SJ 

2M 

■n 4H 


Ar Mil 7 

Hii 1178 


Hli 2IHl'4 


N 14 

1* 


V M‘2 

A% 711* 

Ml tef7 

Hit 122*1 

Ttt 

Hi 2tl7»ft 


o w 

H 


Cr 52-4 

H« 78 

HAH 

T« 

W IHHM 



V lUI 

v\ 


SU\ fi4*H 

Hrrti'Ti* 

Hit ttKI R 

1 

t 

Ob 1988? 








lOi 


!r mvi 





n» ! 

i Hi 


IM m t 


i»t iim 7i 


U 7*(» 

Na 221* 

K 


vii 

Hb #0*2 

Ag un i 

i:i2’7 

Alt tt*2'2 1 



MK 2»1* 

Ca 

son 

*An «4 » 

Hr H7 

Hu I8«i H 

ttx Itu-K j 


m at « 


Obviously in this schomo the siuuo or siinilar 
properties recur w'hen the atomic weight is Incroasod 
by a certain amount, which is first 1(1, then alaxit 
46, and afterwanls amounts l« H8 U> 62 
Tins had boon noticotl hy Odling and others pre- 
viously, but Meyer got a stop further when he 
po!nte<l out {loa. oil,, p. 2KH) that the conthhiing 
capacity of the atoms rises and falls regularly and 
equally in two suoh series as the following ; 

VnW«i«tit. Htv. Trlv. lYiv* litv. t'ltiv. 

Ll B* B O £f O F 

Na BCg 41 Si P S 01 
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A complete and triumphant vindication of the 
principle of periodicity is provided by the graphic 
representation of the relation of atomic volume to 
atomic weight, drawn up for the first time by Meyer 
at the end of this paper. The diagram he gave, and 
of which a portion is reproduced on the opposite 
page, speaks for itself. 

It is evident, then, that the conception of the 
periodic relation gradually and independently took 
shape in the mind of more than one chemist during 
the period we have had imder review. But it would 
be only just to point out that a depth of conviction, 
which almost amounts to inspiration, carried Men- 
del^eff further in the study and application of the 
principle than any of his predecessors or contempo- 
raries. In August 1871 he drew up a complete 
exposition^ of the principle, which he henceforth 
calls the 'periodic Ioajo, and of the deductions which 
may be made from it. And here for the first time 
appeared the table which, in some form or other, is 
now to be found in the pages of nearly every text- 
book of theoretical chemistry, and which is now 
employed as the most generally received basis of 
classification of the elements. The table is repro- 
duced in this original form in order to show how 
great an advance it represents in the development 
of the fundamental idea. 

In connection with the discussion of this scheme, 
MendeldefTs most brilliant achievement was its appli- 

^ AmnaLen, Snpplem., viii. p. 133 (1872). 
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cation to the prediction of the properties of elements 
yet to he discovered. “"When,” he says, in one of 
the characteristic footnotes in his PriTioi^lea of 
Gh^misf/ry (vol. ii. p, 26), “in 1871 I wrote a paper 
on the application of the periodic law to the determi- 
nation of the properties of yet undiscovered elements, 
I did not think I should live to see the verification 
of this consequence of the law, but such was to be 
the case. Three elements were described, eka-boron, 
eka-aluminimn, and eka-silicon; and now, after the 
lapse of twenty years, I have had the great pleasure 
of seeing them discovered and named after those 
countries where the rare minerals containing them 
are foimd, and where they were discovered — Gallia, 
Scandinavia, and Germany.” MendeleefiPs eka-boron 
was called by Nilson, its discoverer, Scandium; the 
representative of eka-aluminium was discovered in 
the zinc-blende of the Pyrenees by Lecoq de Bois- 
baudran in 1875, and named Gallium; while a new 
silver ore at Freiberg yielded, in the hands of 
Clemens Winkler, a new metal, which he recog- 
nised as the representative of eka-silicon, and to 
which he patriotically gave the name Germanium. 

The process which led Mendel4eff to this remark- 
able result consists, naturally, in the careful study 
of the properties, not only of the series in which the 
unoccupied place occurred, but also of the proper- 
ties of the neighbouring series, and of their mutual 
relations. A few facts may be given to show the 

nature of the conclusions to which he was led in one 

I 
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cose, and the extent to which they wore afterwards 
justified. 

To oka-.Hilieon Mondelt'efF a.saigned, in 1871, the 
atomic weight 72. Ho doscrihod it as a difficultly 
fu.siblo, dark grey, motallie substance, which in the 
state of jjowder would pass at a rod heat into the 
difficultly fusible oxide EsO*. The specific gravity 
of the oxide would l>o about 4*7, and similar in 
appearance, perhaps in crystalline form, to titanic 
oxide. The metal would act on steam only with 
difficulty, anti on acids slightly, though more easily 
on alkalis, while the oxide would display more 
decided acidifying power than titanin oxide. The 
fluoride, EsF^, would be volatile, but not i^eous at 
common temperatures. The chloride, KsC' 14 , would 
be a volatile liquid, boiling at a temperature about 
100 *, probably somewhat lower; and there would 
be a tetrethide, EsEt^. with a boiling point about 
160*. 

Germanium is diesoribed as a greyish white, 
lustrous, very brittle metal, which melts at about 
800*, and crystallises in regular octahedrons on 
cooling. It is unchanged in lur at ordinaiy tem- 
peratures, but is oxidised when heated in a state 
of powder. It dissolves in sulphuric acid, but 
not in hydxeohlorio acid. The oxide, GeO^ is a 
dense white powder of specific gravity 4*7, slightly 
scduble in water, produoing a solution whioh haa a 
■our taste. The oxide diasolveB readily in aUcalia. 
3l%t» fluoride is a volatile subatanoe, probably aolid. 
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The chloride, GeCl^, is a colourless liquid, 'which 
boils at 86°, and the tetrethide, GeEt^, is a liquid 
which boOs at 160°. The atomic weight of ger- 
manium is 71-93 when H= 1. 

That the periodic system of the elements stands 
for something which is actually based on natural 
physical relations, no one can now be supposed to 
doubt. It brings into 'view a number of facts in 
the chemical history of the elements which would 
other-wise be less apparent, and it does undoubtedly 
support very strongly the idea that all the elements 
included in MendeleefFs and Meyer’s synopsis belong 
to one system of things, and perhaps have common 
constituents, or may have arisen from a common 
origin. Nevertheless, such a synopsis is enctunbered 
with some difficulties, which have not yet been satis- 
factorily accoimted for. The fundamental idea of 
the scheme is the periodic “ law,” which asserts that 
the properties of the elements are dependent upon 
their atomic weights. If that were strictly true, 
the existence of two elements having the same 
atomic weight, but different properties, would be 
impossible. Hence the relations of such elements 
as cobalt and nickel, ruthenium and rhodium, ace 
far from clear in the original table. And even 
if we substitute for the round numbers used by 
Mendeleeff in 1871 the values for the atomic weight 
which result from all the best recorded experiments, 
so that these coincidences cease to be exact, the 
difficulty still remains that several elements — ^iron, 
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nickel, cobalt, nithoniHin, rhodium, palladium, 
osmium, iridium, platinum — are not provided for. 
In some ciusos the peculiarities of individual elements, 
and their relations to o(.hor.s, couhi never have been 
suspected from their jwsition in the table. The 
case of thallium i.s one of the most notable. This 
motid has a veiy strong resemblance to load, but its 
sulphate, and several other salts, are entirely unlike 
the corresponding compounds of load, hut, on the 
other hand, agree closely in characters with the 
compounds of the alkali metals. Load itself stands 
in a similar relation to the metals of the alkaline 
earths. The positions of thallium and load in the 
table would scarcely have suggested those eharaetor.H, 
if these two oloments had boon previously unknown. 
Helium, argon, and the rest difTor from nil other 
known substances, elementary or comixjund, in their 
extraordinary characteristic of chomicai inactivity, 
of which no prognostication is to bo found in the 
almost innumemble memoirs relating to the atomic 
weights of the elements published previously to the 
discovery of argon. It must of course bo remem- 
bered, however, that since the discovery of argon 
and helium, the gases of the atmosphere and those 
obtained from minerals have been submitted by 
Ramsay to a speoial search, with the object of dis- 
covo\4ng other elements of intermediate and higher 
atomid weight, and his labour has been rewarded by 
the recoipoiition of neon, krypton, and xenon, as 
aheadv metfiMoned. But the endeavour to introduce 
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these new substances into the periodic scheme has 
been but imperfectly successful; for such arrange- 
ments as the figure of eight proposed by Crookes^ 
involve some violence to natural associations, hydro- 
gen, for example, being separated from all the metals, 
and made the first member of a group in which the 
halogens follow. 

Several other ways of displaying graphically the 
relations among the atomic weights have been pro- 
posed, and of these one of the most interesting is the 
logarithmic spiral of Johnstone Stoney, of which a 
new version was produced after the discovery of the 
argon group.® 

Another point is worthy of notice in a discussion 
of these figures. The numerical amount of the 
differences observable between elements which are 
consecutive in the list vary very much. The smallest 
difference appears to lie between nickel and cobalt, 
and to be equal to about 0‘29 ; while there are many 
cases where the difference amounts to between 4 
and 5 units or more, as, for example, Cu— Co=4'6, 
Sn— In=4'2, Cs— 1=6‘89. The point, however, is 
that the transition from the even to the odd series, 
as, for example, from fluorine to sodium, or from 
chlorine to potassium, or from bromine to rubidium, 
is not marked by a difference noticeably greater, or 
less, than is observable in many other parts of the 

* Proa. Roy. Soo , C3, 408 (1898). 

* PML. Mag. [6], 4, 411 (1902). Also Proa. Boy. Soo., 86, 471 (1911), 
with rexxiarks by Lord Rayleigh, 
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list of olenients. Tho ninth series in Mondel^^effs 
table has been filled np by some of tho elements 
derived from th(j so-callotl Kwe<lish or rare earths. 
The atomic weights of some of those have been 
determined with sufficient show of probability to 
allow of their finding provisional places in tho table. 
Among those may bo montionofl praseodymium 
140’6, neodymium 144'3, samarium 150'4,* gadolin- 
ium 167*S, terbium 169’2, erbium 167*7, thulium 
168*5, ytterbium 172. But the position of these ele- 
ments in the scheme is still a subject of debate and 
a source of difficulty in the attempt to apply rigidly 
tho principle of periodicity. 

From all that has g^ne before, it may readily be 
supposed that many speculations have l»een put 
forward as to the origin of the elements, or in ex- 
planation of their assumed complex nature. Of 
these, one of the most serious, though by no means 
the earliest, is embodied in a paper communicated 
to the British Assooiation by the late Profeieor 
Camelley.^ It is typical of a whole group of these 
speculative compositions, but is more carohiUy worked 
out than many of the rest. The author proceeds 
upon the assumption of tU Isaet two primal elements, 
A and B, which, by their combination in various 
proportions, gave masses approximately equal to the 
atomio weights of the known elements, which are 

* “Sogseatloiu M to the oattee of Mie Periodio Law and the 
Katat* of the Obamioal Klenenta.” — Ai’MtA JeMeiaMoa, 1884; 
CSumieai Ifnm, 1886. 
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regarded as analogous to hydrocarbon radicles: but 
even this scheme, attractive as it is on the ■whole, 
requires us to assume for B a negative -weight equal 
to something between — 1*99 and — 2‘00. It can- 
not be forgotten that a somewhat similar de-vice 
was the last refuge of the declining theory of phlo- 
giston more than a century ago. 

There seems to be a general disposition at the 
present time to revive and rehabilitate the ancient 
notion of the unity of matter, and its derivation 
from a common prothyl {irp&Tt], first; HXy, stuff or 
matter). 

'‘All things the world which dll 
Of but one stuff are spun.” 

This idea has been made the text of an interesting 
address by Sir William Crookes, on the “ Genesis of 
the •Chemical Elements.”^ It has also for many 
years been the guiding principle of a series of re- 
searches, by Sir Norman Lockyer, on the spectro- 
scopy of the sun and stars. According to Lockyer, 
the elements, as known to terrestrial chemistry, are 
more or less completely dissociated into substances 
of simpler constitution at the high temperatures 
prevailing in these bodies and their gaseous atmos- 
pheres. It seems fully established that the greater 
number of the lines exhibited by the i^ectra of 
common metals, such as iron, calcium, manganese, 
are wanting in the spectra of the hotter stars ; while 
a small number of such lines remain, accompanied 

1 Britiak Aasodation 1886. 
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by other linos not reco|^isablo tut belonging to any 
known torrostrial element. And when the spectra 
of certain stars are ranged in the order of what is 
supposed to be ascending toinporatnre in the series 
of stars, there is a progressive di.sapponranco of the 
old, and appearance of tho now linos, corresponding 
to this progressive dissociation. Somo experimental 
evidence is needed that dissociation of tho elements 
does actually occur at the high tom|)eratures now 
obtainable under laboratory conditions. 

Tho association of the ultimate particles of 
prothyl must be supposed to bo accomplished by 
a process comparable with that which in ordinary 
chemistry is called ** polymerisation.’.' This implies 
the association together of a number of particles, 
elementary or compound, into groups. No con- 
sideration, based on the extreme minuteness of 
atoms,^ need deter us from admitting such a concept 
tion, because, after all, what wo call tnze, great or 
small, is relative only to the range of human measure- 
ments. The discoveries made within recent years by 
Sir J. J. Thomson and his school, to bo described in 
a later chapter, have thrown an entirely now light on 
the structure of atoms ; and it seems that the Bos- 

* Tb* MtImAt* of Lord Kolviti, tboogh {•mUl»r, m»7 bo reonlled 
tu thm reoolleotloa of tb« raodor : “ Inwgtao m glob* of woter, or 
glKM, w largo as a football <or say a globe of 16 oeBtimetreo dia* 
motor}, to bo magaillod ap to tho siso ot tho earth, oaoh oimstituent 
BtoliMnlo being mogniflod in the same profiortloo. Tfao magaUiod 
stamotnro woald bo more ooeroo-grainod than a boap of small shot, 
bnt prbfaiddy loss ooa rso gra ined than a hoapof foiabaUo .** — LMtun 
m Jhyai Fob, 1888. 
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covichian doctrine of centres of force, and the theory 
of vortices, which we owe to Lord Kelvin, as well as 
the Newtonian idea of “massy hard, impenetrable 
movable particles,” must all be abandoned as incon- 
sistent with facts now fully established by experi- 
ment. 

In such a position it is the duty and the best in- 
terest of the chemist to preserve a perfectly xmbiassed 
mind, and to pursue the safe path of experimental 
inquiry. 

At the same time he may still retain the view that 
although atoms of all kinds have been shown to be 
capable of disintegration xmder the stress of electrical 
forces, the unit of chemical reaction, that is the 
chemical atom, has not at present been found to be 
assailable. In all ordinary chemical changes, the 
atoms of which the dimensions and relations have 
been determined by the methods already described, 
do pass from one compoimd to another and retain 
their independence, and of this the great field of 
stereo-chemistry (Chap. VII) seems to afford sufficient 
and conclusive testimony. 


BIOGRAPHICAL NOTES 

Thomas Cabnklley, born in Manchester, 22nd October 
1854. Dalton Ohemical Scholar at Owens College. He con- 
tinued the study of chemistry at Bonn under Kekule, Zincke, 
and Wallach. Having been first Professor of Chemistry at 
Firth College, SheflSeld, in 1882 he passed to Dundee XJniver- 
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Hiiy College, In I88H ha was app<niitad to the Chair of 
Ohemiatry in tho University of AiHurdeeii. 

He died 27th Augnst 18IK), at the early age of thirty-six. 

[Obituary, Jaunu (V/m. W), 455 (18111).] 

Johann Wouti*tuNf} IhHHCHKtNicu, born I5th December 1780. 
A pharmaceutical and chemical manufacturer ; became in 1810 
Professor of Chemistry, Pharmacy, and Technology in the 
University of Jtma. Died 24th March 1849. 

[Poggendorft'^s liaivdHUrierhtvch.^ 

IiORt) KanviK (Wiuhaii Thomson), Ist Baron, bom in Bel- 
fast, 26th June 1824. He entered the University of Glasgow 
in 1834, and Cambridge in 184U He was appointed professor 
of Natural Philosophy at Glasgow in 1846. He laid the first 
Atlantic cablet in 1857-58, and the permanent Atlantic cables 
in IS65. Knighted 1866. Created a peer of Great Britain ae 
Baron Kelvin of Largs in 1892. He retired from the professor- 
ship in 1899. He died I7th Deoenther 1907, and was buried in 
Westminster Abbey. 

[Obituary notice by 8tr Joseph Lamior, i’rcr. Hmy, 
vol. BIa, Appendix, 1908.] 

Dicmi IVANovitfiCH MaNnsf.8arF was bom at Tobolsk iti 
Siberia on 9th February 1834. With much difficulty he ob- 
tidned his education in Bt. Petersburg, and devoted himself to 
the physical sciences, in 1856 he was appointed privai^^ocmi In 
the University, but In 1859 he studied under Regnault In Paris, 
and afterwards In Heidelberg. Returning two years later to 
St. Petersburg, he was appointed Professor of Chsmistry in 
the Technological Institute. In 1866 he became Professor of 
General Ohemittry In the University. His career was more 
than once interrupted in consequence of political disturbances, 
but he was an active experimenter, and his name Is associated 
not only with the ** peri^ic law/* but with valuable eetlmations 
of the^nslty of m&tures of ny^bol and water and of various 
aqueous solutions. He also gave attentioii to tbe nature and 
origin of petroleum. His Pr^wiplm qf Ohmithrif^ containing a 
devekpment of his viewt, has bem translated into English. 

He died ted February 1907. 
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[Mendel4eff Memorial Lecture. W. A. Tilden. Journ^ 
Chem. Soc.y 95, 125 (1909).] 

Julius Lotha^rMeybb was born 19th August 1830 afc Varel 
on the Jade (Oldenburg). In 1861 he began the study of 
medicine at Ziirich, and two years later removed to Wurtz- 
burg, where he graduated M.D. in 1854-. Having, however, 
decided to pursue the scientific side of physiology, he proceeded 
to Heidelberg, and under Bunsen investigated the Gtases of 
the Blood.” After a year and a half devoted to the study of 
mathematical physics at Konigsberg, he became privathdocent 
in the University of Breslau. At this time he wrote his well- 
known Modemen Theorien der Chemie. In 1866 he became a 
teacher in the school of forestry at Neustadt-Eberswalde, and 
in 1868 was appointed Professor at the Carlsruhe Polytechnicum. 
In 1876 he succeeded Fittig in the Chair of Chemistry in the 
University of Tubingen. 

He died on the 11th April 1895. 

[Lothar Meyer Memorial Lecture. P. P. Bedson. Joum^ 
Chem. Soo.y 69, 1403 (1896).] 

John Alexander Reina Newlands was born in Southwark, 
1837. He entered as a student at the Royal College of Chem- 
istry in 1866. He then became assistant to Way, chemist to 
the Royal Agricultural Society. In 1860 he went as a volunteer 
under Garibaldi in the war of liberation in Italy, and after the 
conclusion of the campaign he began practice as a consulting 
chemist in the city of London. 

He died 29th July 1898. 

[Obituary notice. W. A. T., Nature^ 25th August 1898.] 

Gboroe Johnstone Stoney, born 16th Feb. 1826. After 
graduating at Trinity College, Dublin, he became for a time 
assistant in Lord Ross's observatory at Parsonstown. In 1852 
he was appointed Professor of Natural Philosophy in the 
Queen’s University (Galway College), and from 1867 to 1892 
was Secretary of the same. 

He died in London on 6th July 1911. 

[Obituary by J. Joly, Proc. Ptoy. Soc., 86, xx. (1912).] 
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*IosKi'iuJoHN|Tnt»MH<iN% Kt, RItS,, CavoiHlifih Pro- 

fessor of KKpurimonlal Pliysirs, Ciiiubrirl^o ; Profossor of 
Physics at tho lloyal tiiatituiiony l^ondtui. 

CiiKSiKNH AiiK.XANriKU WiNKhBU, !K»rn tJiJth Docomltier 1838 
at Froihorg (Hiixoxiy)* Ho gnMlmtod Ph,l>* at !x)ipxig in 1804. 
In 1873 ho was apixtintoti Professor of Choniistry in tho Royal 
School of Minos at Freiliorg* Kotirod Ho died at 

Dro8<io«, OctolHjf 1904. Ho introdnooil tho synthetical process 
for mannfacturing fuming sulphuric acid in IKTA^ and in 1886 
ho discovered germanium. 

[Obituary by O llrunck, /frr., 39, 4491 (1907).] 
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CHAPTER V 

OBIGIN AND DEVELOPMENT OF THE IDEAS OP 
VALENCY AND THE LINKING OP ATOMS 

It Ras already been explained in Chapter III that 
the discovery by Dumas of the fact that chlorine 
may be introduced into organic compounds in 
exchange for hydrogen, equivalent for equivalent, 
led to very important changes in the then current 
ideas of chemical combination. Up to that time the 
electro-chemical theory of Berzelius (p. 11) had been 
almost entirely predominant, and, naturally, the 
notion that an electro-negative element like chlorine 
could be exchanged for an electro-positive element 
such as hydrogen, without fundamentally altering 
the characters of the resulting compound, was com- 
pletely at variance with the canons of that theoiy. 
But facts remain, while theories must be left either 
to be adapted to the new state of knowledge, or to 
be abandoned altogether. In this case the theory 
has been modified, but even to the present day the 
interchange of negative chlorine and positive hydro- 
gen is a phenomenon which still affords room for 
speculation. 

One important consequence of the establishment 
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of the facts of substitution was tho inception of 
the idoa of typos, a tbooiy which, as remarked by 
Williamson ninny years later, was “the. vehicle of 
many an im|M)rtant discovery," and led to profound 
changes in tho way of regarding cheinicnl combina- 
tion. A ino.st instructive review of tho whole posi- 
tion was given by Dumas himself in 1840.’ Ho then 
stated clearly that comjKiunds which contain tho 
samo numlwr of equivalents united in tho .same 
manner, and which exhibit the same fundamental 
chemical properties, Iwlong to tho mm* rJimnimi 
type. 

This view, though opposed by Ikirxoiius, and at 
first by Liebig, was afterwards supported by tho 
latter, who cited os analogous tho ease of chlorino 
and manganese, which wore known in perchlorates 
and penuanganatos to Iki capable of replacing each 
other without altering the crystallino form of the 
salt, adding that "a reciprocal substitution of simple 
or compound bodies, acting in the samo way as 
isomoipbous bodies, must be regarded as a veritable 
law of mdure." 

Dumas* theory of typos, then, expressly recognised 
the idea of imungemmU among the constituent par- 
tioles united together in a compound, und he saw, 
and stated clearly, the distlnotion between the older 
BerzeHan system, which attributed to the natwre of 
tile slemsmSs ooacemed the prinoipdl share in deter- 

’ “ Hteoir* rar la loi dat ■abatltutioni at la ibSoria daa typaa “ 
lOmft. Meed,, 10, HS). 
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mining the nature of the compotmd, and the newer 
doctrine, according to which the number and ar- 
rangement of the atoms (or equivalents, as he called 
them) played the most important part, Dumas, 
however, does not seem to have perceived so clearly 
that chemical combination in organic compounds, 
that is, in compounds of carbon, is governed by the 
same laws as inorganic compounds ; and save for the 
use which he made of the analogy derived from 
isomorphism, he did not bridge over the gulf which 
then separated organic from inorganic chemistry. 
Hence, while he spoke of alcohol, aldehyd, acetic 
acid as representing different types, these were not 
referred by him to substances of a simpler constitu- 
tion, such as were afterwards employed in the famous 
system of Gerhardt. 

The word “radical” or “radicle” has long held 
a place in the language of chemistry, but very 
different meanings have at different times been 
attached to it. Dismissing as tmimportant the use 
which was made of this word by Lavoisier, and 
afterwards by Berzelius, we must not omit to recall 
the fact that in 1832 it received a very definite 
application in consequence of the discoveries of 
Liebig and Wohler. In that year^ the two great 
German chemists showed that bitter almond oil, 
benzoic acid, and many substances derived from 
them, might all be represented as compounds 

^ ** UntersuohTOgen Uber das Radical der BenzoesSure {Liebig^ s 
Aimalen^ iii* 249}» 
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of one and the vsamo ratliclo, benzoyl, 0„HA (0=6, 
0—8), thus: 


Hydride of iMjn^oy! 

(bitter almond oil}. 
Oxido of bonxoyl . 

(banxoio anhydride). 
Hydrated oxide of betixoyl 
(bensoio aoid). 
Ohtoride of benisoy) . 
Hydrate of bensoyl . 
(benisoic aloohoi). 


0„H*0,0, HO 


0„Hft0aCl 

C„HftO,HO 


Henceforward it liecame the object of many 
ohemical investigations to separate and isolate com- 
pounds of this kind, which seemed to play the part 
of elements, and the recognition of which served as 
the basis for the definition by Liebig and Pumas of 
organic chemistry as the ah/miitdry of contimv/nd 
radicles, while inorganic chemistry was the chemistry 
of elementary or simple bodies. Ono of the most 
notable discoveries resulting from such investigations 
was the diseovery of ethyl by Frankland in 1848. 
Ibis substance was obtained by the action of zinc 
upon ethyl iodide, from which compound it was 
originally supposed that the metal simply withdrew 
the iodine, setting the ethyl free. The gas thus 
obtedned was for some years supposed to bo the true 
radicle of ether and alcohol, which were respectively 
considered to be its oxide and hydrated oxido : 

athyl . . . (0-6) 

Etbar . . . 0«B»O (0-S) 

Akwbol . . . OtB«OHO 
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Vj 

It turned out, howevOT, that this compound really 
contains in the molecule double these proportions of 
carbon and hydrogen, and is therefore more cor- 
rectly expressed by the formula or OgHjo- 

(C=6y 0=8.) 

A corresponding reyision awaited many others of 
the isolable radicles, so soon as the law of Avogadro 
came to be applied to the adjustment of molecular 
weights. Cyanogen, for example, was not simply 
CgN, but (C 2 N) 2 . Elakodyl, in like manner, dis- 
covered by Bunsen in 1839, affords another example 
of a well-defined radicle, which, by union with 
oxygen, sulphur, and the halogens, affords a long 
series of compounds. At first, and for many years, 
represented as ( 02 H 3 ) 2 As, that is, as arsenious 
methide, containing two equivalents of methyl, it 
was afterwards proved to have double that mole- 
cular weight. 

Gradually, then, it began to be recognised that a 
“ radical ” was nothing more than a group of symbols 
which represented a constituent common to a series 
of compoxmds, but not necessarily capable of existence 
in the free or isolated state. In place of “ radical ” 
Gerhardt introduced the word residnjLe, defining its 
application to those portions of a compound which can 
be transferred to another compound by the process of 
double decomposition or exchange, and which are not 
necessarily capable of being isolated. Accordingly, 
H, 01, or HOg would be entitled to rank as a radical or 

residue equally with groups such as benzoyl, Ci^HjOg. 

K 
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The classification of known carbon compounds, 
which in a few years had become veiy numerous, 
was now a matter of urgent necessity. A system 
based upon the recognition of radicles like methyl, 
ethyl, benzoyl, »Sro., ha<l boon attempted by Liebig, 
but without full success, {mrtly because the relations 
of many of the newly diseovorod compounds were 
obscure, and partly because each series was inde- 
pendent and isolated from all others. 

The existence of a relation among the successive 
members of the senes of alcohols was 6rst pointed 
out by Sohiel in 1842, and a corresponding rela- 
tion having been detected by Dumas among the 
fatty acids, Gerhardt calloil them “homologous” 
series. Such a series includes compounds of the 
same chemical character, the successive terms of 
which increase by an addition of (CJ -6) or 

OHg (0=12), this addition being attended by cor- 
responding rise in the density, boiling point, anti, 
frequently, in the melting point. The mrangement 
of carbon compounds in homologous series is one 
which has stood the test of time, but at the period 
now referred to few such series were known, and 
th^e usually imperfectly. * 

A remarkable effort to bring some system into 
the chaos then existing was made by Auguste 
jjaurent, whose views were first embodied in a 
memoir published in 1844,* but afterwards in a 
mom chsborate and extended form in a volume 

* Obimique” (Vompt, Bmd^ 19, 10S9}. 
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•wMcli appeared in English only after his death.^ 
In this system Laurent supposed every organic 
compound to contain a nucleus composed usually of 
carbon and hydrogen, and from this fundamental 
nucleus derived nuclei could be formed by substitu- 
tion. Thus upon the nucleus, C4H4, called etherene, 
acetic acid, was formed, and from the 

derived nucleus chloretherene, C^CHgCl), chloracetic 
acid, C4H301-f-04, was formed. Laurent represented 
all organic compounds as containing an even num- 
ber of atoms, and hence was led to employ for many 
compounds formtilse which were the double of those 
commonly received. The nucleus theory, though in 
reality a sort of extension of the theory of radicles, 
was practically of little use, and was adopted as the 
basis of classification of organic compounds only 
in one notable book, namely, in Gmelin’s well- 
known and comprehensive Handbook of Organic 
Chemistry. The writings of Laurent, however, 
must have had a great influence upon the chemical 
thought of his day, and even now there are pages 
in his “Chemical Method” which afford refreshing 
and instructive reading. 

But though the theory of nuclei did not provide 
the system of classification so urgently needed, 
especially for organic compounds, it happened fortu- 
nately for the progress of science that the young 
Laurent became associated with a still younger col- 

^ Translated by Odling, 1865 (Publications of the Cavendish 
Society)^ under the title “ Chemical Method/' 
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loaguo, Oharlos Gorharclt, who joined him in opposi- 
tion to tho dualistic system of Berzelius. Gerhardt’s 
Hcientifio career may bo said to ha\’o begun when in 
1842, at tho ago of about twenty -six, ho published 
an important series of pa|»cP8 on tho claasification of 
organic siibstancoa.* Hero ho oxaminoil tho founda- 
tion of tho systom of oquivalonts then in uso, and 
showed how a groat simplification might bo effected, 
while reducing the whole systom of formulm to a 
common standard, as already explained (Chap. III). 
Laurent finally adopted Gorhardt’s systom of for- 
mula), and made uso of it in his Chemical Method.” 
According to this system the formula of each sub- 
stance reprosonts that quantity of it which, in the 
state of vapour, would occupy two volumes, the unit 
volume being the space occupied hy ono {sirt by 
weight of hydrogen gas at standard tomporaiure and 
pressure. Hence, the formula) of tho compounds 
HCl, H,0, NH„ CO,. C,H,0, &c., represent two 
volumes, while to express td)o same bulk of the 
elements and radicles H, Cl, C,H|^ CN, &c., th^ 
atomic symbols must be doubled thus : 

HB or Hv 0101 or 01„ 0,H,0,H, or (C,H,h) ONON or (0N}r 

The problem involved in the classifioation of 
organ^o compounds was not. however, yet solved. 
It required a better knowledge of the relations and 
prepeortiies of many compounds, whioh was only to 

**1TolMr die OlMHBlMbo OtoMifloatlon dor Orgmaisoboa Sub- 
■tSBSon" {SrdBBaaa'a Prakk OkimU, ISdSHlS). 
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be obtained by further experimental investigations. 
To these Laxirent and Gerhardt both contributed 
their full share : Laurent more especially by his 
work on the hydrocarbon naphthalene, and the 
numerous derivatives formed from it and from other 
compounds by the action of chlorine; Gerhardt by 
his discovery, though much later, of secondary and 
tertiary amides, and of the anhydrides of acetic and 
other acids. 

The next important step appears to have been 
taken when in 1849 Wurtz,^ in studying the action 
of potash on cyanic and cyanurie ethers, was led to 
the discovery of the compound ammonias. 

Many vegetable matters which possess strong 
physiological properties have long been known to 
owe their activity to the presence of definite crys- 
talline or volatile liquid substances, which have the 
property, in common with ammonia, of combining 
with acids to form salts. Thus opium contains 
morphine and other similar compounds, nux- vomica 
contains strychnine, cinchona bark quinine, while 
tobacco yields nicotine. In consequence of this 
basic property these active substances were long 
ago called alkaloids. So far back as 1837, Serzelius, 
applying to these substances his own views con- 
cerning chemical constitution, expressed the opinion 
that they consisted of ammonia, which gave them 

^ une S4rie d’alcali^ otganiques hoz^ologues avec I’ammon- 

iaque” (Qomjpt, Mend.^ 28 , 223 , 1849)5 “ B^cherches sur les ammon- 
iaques composes” {O&nhpt. lUnd,^ 39 , 169 , 1849 ). 
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ihoir bjiHic cliuriujlor, uiiitotl with a “cunjtinet” 
composed td’ onrhoii with hytlrogou ot oxyjfcti, hy 
which the character of the aininoitia was modified. 
On the other hantl, hii*hij» in 1H40 had nxpreaseil 
the view that if “wo wore able to replace hy ainid- 
ugon the oxygon in tho oxides t»f methyl and 
ethyl, in tluj oxitUss t*f two basic ratliclos, we should, 
without tho slightest doubt, obtain a serioH of com” 
|X)iinds exhibiting a de{K>rttnent similar in every 
rospocjt to that ammonia. Klxpras.sud in sym- 
bols, a compountl of the formula < ’*llftHjN-“ KAd 
would bo endowed with basic pru{)ertios.’* 

Wtirtx regardetl ammonia Jis a link between in- 
organic anil organic chemistry, and suggested that 
if it eoutainetl carbon it would be ctmsideretl as the 
simplest representative of the organic bases. In his 
newly discovered bases, UgH^N, and 
he saw organic compounds which might lie viowotl 
according to tho hypotheses just explained, either 
as methyl ether, 0,1^0, or common ether, O^HgO, 
in which 1 equivalent of oxygon was replaced by 
1 equivalent of amidogen, NHg, or as ammonia, in 
which 1 equivalent of hydrogen is replaced by 
methyl, CgH,, or ethyl 

The following formuhu show those relations : 

HgK Ammonia, or NHgH Hjdramids. 

0,a»N Methyl Ammonia, or NBaOgHg Mathyiamida 
Sthy! ammonia, or NHaOfHt Ktbylamida. 

He adds, *‘Je me servirai de pr^fdrenoe des mots 
iicM»tliylAmide, ethylsmide,” but in the second paper 
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lie at once uses, without prefece or explaxxation, the 
terms methylmmme, ethylamine, val&ramine, to 
which we have been so long accustomed. 

Here, then, it is evident that the great question of 
chemical “ constitution ” was beginning -seriously to 
occupy the attention of chemists. Indeed, there is 
proof that this problem must have arisen already, 
for the theory of compound radicles introduced by 
Liebig and Wohler in 1832, and publicly promul- 
gated by Dumas in 1837,^ and the still earlier 
a/m/monium, theory of Berzelius, all implied, if they 
did not explicitly declare, that distinct functions 
were performed by the different elements composing 
a given compoimd. In a paper ^ of Hofmann’s a 
year before Wurtz’s discovery, the following passage 
occurs in reference to the constitution of alkaloids: 
“A relation between the nitrogen and the satu- 
rating capacity remained extremely probable, and 
chemists now commenced to assume the nitrogen 
as existing in these bases under two forms. In 
almost all cases that portion of this element to 
which the basic properties were referred was be- 
lieved to be in the form of amidogen, ammonia, or 
oxide of ammonium, while the views respecting the 
other portions were for the most part less decided.” 

Later on, in his memoir on the action of cyanogen 
chloride, bromide, and iodide on aniline, he expressed 
the view that it is “exceedingly probable that the 

1 C<ympU Rend,^ 6, 567 ; Brit, Abs, Rep, 

* Quart, Joum, Chem* Soc*, 1, 172 (1849) 
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orgfUlic biHca iiro imlowl rmijugnUHl iiuiiiionia com- 
pouiiUs." This vtow, hnwovisr, he s»mii for 

nlmoHt iininwr»itely uftorwimls. in ili.s»‘ii«Hing the 
roHultH of oxjHiriuiisnls iniulo wilh iho <if with- 

drawing th« eloniontH of wut«*r from oxidaf » »>f aniline, 
and HO olihdning a nilrilo rorroHjaiiiding tooyanugon, 
ho roniarka that " tho imiaiHHibiliiy of obtaining 
an anilo-cyanogun thrown auino doubt on tho pre- 
oxistenco of anintonia in aniline, it in probably 
more in conformity with truth to ooiwulor imiline 
as a Hubstitntion protluct, as ammonia, in whicli part 
of tho hydrogen in replaced by phenyl." Tl»o ethyl 
and mothyl ilorivativos of aniline wore thon pro- 
duced by tho action of olhyl and nielhyl bromides 
on aniline,' and shown to havo the rulation to aniline 
which has over since boon recugtnsod, and which is 
displayed in tho following funnnla> ; 


OifHa 


N 


a„HA 

o^hJn o.hJn 

ti I c, hJ 


Here, then, was a definite recognition of atmnonia 
«• a type, upon which was mcsiolled, not only the 
new f^fioial oompound ammonias, othylamine, 
OMiilig^hinin^ and tho rest, but all nitri^n com- 
gWaaii ynsBOseing basio properties. The aoknow- 
ItdglMUtt i«f^e type ammonia was followed very 
#.^tti[li||^<ling scheme for bringing into 
wct<^ very various compounds 
M-ifmtfi* Wmi., so. IS4 (ts4«i. 
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known as salts, together with a number of other 
substances containing oxygen. This conception we 
owe to Williamson. In 1861 he wrote as follows: 
“ I believe that throughout inorganic chemistry, and 
for the best known organic compounds, one single 
type will be sufficient — it is that of water, repre- 
sented as containing two atoms of hydrogen to one 

of oxygen, thus — ^O.” ^ In the course of this paper 
he gave the following formulae : 


Potash .... 

. 


Oxide of potassium 


k‘-' 

Methyl alcohol 


H 0 

Ethyl alcohol . 


O.V 

Acetate of potash , 


O2H3OQ 

Anhydrous acetic acid . 


C2H3OQ 

O 2 H 3 OO 

I^itrate of potash . 



Chlorous acid . 


CIOq 

Chloric acid 



Perchloric acid 


0^30 

many cases, however. 

a multiple 

of this for- 


mula, must be used, as in expressing the com- 
position of bibasic acids and salts like carbonates, 

i “ Oonstitution of Salts” (,07iem. Oas., 18S1, and Qwrt. Jowm. 
Ohem. Soc., 4, 1P62, 360). 
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sulphatos, oxalatoH. Ho then explained the action 
of potash on <’ynnic other tlisooverod by Wnrtz, and 
oxprossod tho chiingo by tho followinj» diagram ; 



K, 


t>. 


o. 



(CO) 




CO 


<H,) 





" Ono atom of carlionic uxido is horo oqtiivalont to 
two atoms of hytlrogon. and. by roplacing thoni. holds 
together tho two atoms of hydrate in which they were 
contained, thus necessarily forming a bibaaic com- 

pottml carlKMiaU) of pi»ttV4h.’* This {tassago is 

ospecialiy notowt»rthy, fc»r, if not tho very first, it is 
one of the earliest definite expressions of tlio idea of 
linkage; that is, of two portions of the same moio> 
culo being hold together by tho agency of an atom 
or group of atoms which servos as a link botwoon 
them. 

Not long afterwards Willianisou also discovered 
what he oallod tribasio formic ether, which was ob- 
tained by heating together chloroform amd sodium 
ethylate. 

01 N»OU,H« fOO,U«, 

OH 01 + NsOO^t - 0Ui00,H« + SMaCi 

01 Na00,H» [oOja^ 

Here nuuoifiaetly the residue, CH, of chloroform 
links t<^ther three remduea of aloohol, OC^^, and 
Qconhines them in one molecule. It is true that 
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about 1839 Gerhardt bad introduced the use of 
the term “copulated” or “conjugated” as applied 
to certain compounds, such as the product of the 
action of sulphuric acid upon benzene or upon benzoic 
acid, in which sulphmie acid cannot be recognised 
by the usual tests, and was therefore supposed to 
be in a state of more intimate rmion than is found 
in the sulphates. Berzelius also adopted the same 
expression, but with a somewhat different meaning, 
for he seems to have applied the term “copula” to 
neutral or passive substances supposed to be asso- 
ciated with an active body. Thus acetic acid was 
regarded by Berzelius as owing its acid properties 
and chemical activity to oxalic acid, but irnited with 
the copula methyl. Evidently these ideas are en- 
tirely different, and the eopula of Berzelius did not 
connote, as the word might seem to imply, the idea 
of holct/ing together two things which would otherwise 
separate. 

The idea of classifying according to types, then, 
belongs to Dumas ; but for the extension of the 
idea and modifications by which it was converted 
into the really serviceable system which it con- 
tinued to be for many years, it needed the co-opera- 
tion of many active minds. We have seen how 
Williamson introduced the water type, and how the 
discoveries of Wurtz and of Hofmann led to the 
establishment of the ammonia type. A large 
number of compounds remained, however, which 
these two substances, water and anomonia, scarcely 
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sooinctl lo roprcsont. Oorhsrdl. tlioroforo »ul<iGd 
the hytlrochlori*^ iwid tyiHi immJ tho hytirngeit type, 
atul in tins I’ourth volimio of his coltil>rat«<l Traiti 
dt' Oumif Ortpinlqiu' ho supplied it tahulnr schomo, 
showing ut a glaiu'u how thusu four tyjws might 
ho mudo tho hasis for a systoin of olnssilioatioii. 

To thoHO, as moro apprtiprialo to tho compounds 
of uarhoti, Koilio added tho citrhonio acui tyjio; but 
ho iisotl tho double valtio, 12, for carlion, wliilo he 
retained tho equivalent value, H, fur tho symbol of 
oxygon. Honco tho formula, which ho used 

for tho typo, represented tho oxygen as divisible into 
four equal parts, whereas there is no reason for 
tiolioving it to l>o divisible intti more than two 
{mrts. Tho marsh gas type, i 'il^, introthiood a little 
lator by Kokuh's wits of far groittor im|x}rutnce. 

Further. In 1H54 Williamson showotl that by tho 
aotion of phosphorus pontachloritio on sulphuric 
acid a compoutul is formoil, which may bo regarded 
as formed on tho conjoint or fniaBed type of hydro- 
ohloric aoid and water by the introduction of the 
residue SO, in place of two atoms of hydrogen, one 
derived from each of these compounds, thus: 


01 

H 

H 

H 


1 


Oi 

H 


i 

i° 


Hus ohlorhydrin of sulphuric aoid, or ohlorhydmted 
Buipltuzie add, evidently owes its eadstenoe to tha 
■ properly possessed by the SO, of binding tc^ther 
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tlie Cl and the HO, thus retaining the properties of 
a chloride joined to those of a hydrate. 

In like manner sulphuric acid itself contains the 
radicle SOg, which in this compound holds together 
the residues of two molecules of water. Hence, to 
represent it, a ocmdeTised type must he assumed in 
which two molecrdes of water are concerned, thus : 


Type 



Sulphuric Acid 



O 

O 


A similar condensed t;^e must he used to repre- 
sent such acids as phosphoric and arsenic acids,^ 
and compoxmds such as glycol ® and glycerin,® which 
are not acids but are alcoholic in character. 


^ Graham in 1833 first demonstrated the true nature of arsenic 
and phosphoric acids, and so laid the foundation of the idea of the 
“ basicity ” of acids. The following formulae show the composition 
of the phosphoric acids, according to the binary system, using equi- 
valents, and for comparison the unitary formulae, using atomic 
weights : 

Orthophosphorio acid . . . POsSHO H3PO4 

Pyrophosphorio acid . . . P0^2H[0 H4p20y 

Hetaphosphoric acid . . PO^HO HFO® 

See AUmhic Oluh JReprtnU^ No. 10 

* Glycol was discovered by Wurtz in 1856, a« a result of the 
application of the theory of condensed types to a consideration of 
the case of glycerin. — ** Sur le Glycol ou alcool diatomique {Compt, 
^3, 1S8)* 

® Berthelot was the first to demonstrate the true nature of 
glycerin as an alcoholic body capable of interacting with three 
molecules of such acids as acetic and palmitic.’* — C?I^wn.,4:l,266 
(1854J. 



158 THE l*EO<lRKSS OF HCIENTIFIC CHEMrSTRY [CHAP. 


Trlpl* Wfctor Type. 

H } , 

Hf' 

«lo 

H i '' 


l*lt(i«phuri<* Aciil. 


o 


{ 1 * 0 ) 


HI 


o 


H ) 


-O 


(t’sH*) 


t3!^ceriik. 



J» such comjKJUJitJH 118 thoHc throe rosicluos of water 
aro Ihikocl together in onu moloculo by the innlti- 
valent radiolo. 

But while adopting the idea, Qerhardi imposed a 
strict limitation upon the Kignification of the word 
type, as used in hia system. For, while the hypo- 
thesis of Dumas implied that compounds grouped 
together wore coniposod of elotnonts arranged in a 
similar order within the molecule. Clerhardt insisted 
that any knowloilgo of what wo should now call 
“ constitution " was inaccessihlo to exiwriment. The 
four Hubstaneos soloetod by him as types, namely 
water, hydrogen chloriilo, ammonia, and hyilrctgen, in 
equal volumes in the state of gas, that is, H, 0 , Hill, 
HjN, and ho cnlloti typos of thrutdr tieenm- 
ptmtion.' Water, for example, in a groat variety 
of transformationii, can exchange its hydrogon or 
oxygen for other elements, giving rise to id! the 
innumerable oxides or sulphides appearing as bases, 
adds, salts, alcohols, and so forth. 

It is difficult for ns now to understand why 
Oerhardt insisted so strongly upon the dbtinction 
which he thought he saw between the signifioanoo 

* TrmiU d$ CMm. (fry., iom if. 388. 
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of his own type formiilse and those of Dumas* For 
when substitution occtus it must be assumed, accord- 
ing to either system, that the radicle which is intro- 
duced, whether elementary or compound, takes the 
same place as the hydrogen or other element which 
is removed. So that, although it might be asserted 
that nothing was known, for example, of the arrange- 
ment of the atoms in a molecule of water, whatever 
that arrangement might be assumed to be, it would 
be maintained in the molecules of all the substances 
which are fairly to be regarded as derivatives of water. 

In the meantime, however, facts were being accu- 
mulated in other directions, which subsequently 
served a most important purpose in the develop- 
ment of the ideas of more modern times in reference 
to constitution. As already mentioned, Frankland 
discovered in 1848 the compound which was re- 
garded by all chemists of that time as the free 
radicle ethyl. In the course of the investigation 
it was discovered that the zinc does not only com- 
bine with the iodine, setting the ethyl free, but that 
it also combines with a portion of ethyl, producing 
a definite compoxmd possessed of very remarkable 
properties. Zinc ethyl, or zinc ethide, ZnO^Hg, or 
in modem symbols, Zn( 02 Hg) 2 , was the first of a 
long series of “ organo-metallid ” compounds, the 
majority of which were prepared and examined by 
Frankland himself. Writing on the subject many 
years later, he says : ^ “ I had not proceeded far in the 
^ “ Experimental Beaearches” (oolleoted 1877), p. 145. 
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investigation of these compounds, before the facts 
brought to light began to impress upon mo the 
existence of a fixity in the maximum combining 
value or capacity of saturation in the motjtllic ele- 
ments which hatl not before been HUR|>octo<l. That 
stannous othido rofuso<l to combine with more than 
the complementary number of atoms of chlorine, &g., 
necessary to form a molecule symmotrical with 
stannic chloride, stirprlsod mo greatly at first; but 
such behaviour in this and other orgtmo-motallio 
bodies scarcely permitted of misinterpretation. It 
was evident that the atoms of zinc, tin, arsenic, 
antimony, had only room, so to speak, for the 
attachment of a fixed and definite numl>or of the 
atoms of other elements ; or, as I should now express 
it, of the bonds of other elements. This hypothesis 
constitutes the basis of what has since Itccn called 
the doctrine of atomicity or equivalence of eiomonts, 
and it was, so far as I am aware, the first announce- 
ment of that doctrine.” This slatomont is justified 
by reference to the original paper * (rlatcsl May 10, 
1862), in which ooours a clear expression of the 
view, that in the several compounds of a given 
element, ” no maiior whai tho chtmtcter of the vmiiing 
atoms may be, the oomJbining powor of the attracting 
oleTnent, if X may be allowed the term, is always 
satisfied by the same number of these atoms.” In 
other wor^ the combining capacity of an element 
does not depend upon the nature of the atoms with 

' PhiL Tmm., 148, 417. 
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which it is xinited, but is determined by the special 
character of the element itself. 

It appears, then, that while the distinction be- 
tween univalent and mtiltivalent atoms and groups 
of atoms was first perceived by Williamson, we owe 
to Frankland the first enunciation of the doctrine 
that each atom possesses a capacity for combination 
•peculiar to itself, and usually limited according to a 
definite rule. 

At this time and henceforward for some years 
chemists were much occupied with the business of 
ranging compounds, old as well as new, under their 
appropriate types, with the natural result that much 
wrangling ensued upon questions which, when 
answered, seemed to lose their importance. To 
what type, for example, should such a compound 
as nitrous oxide be referred — to the water type or to 
tho ammonia type? Or, again, should chloroform 
be regarded as a derivative of condensed hydro- 
chloric acid, seeing that in its want of reactivity 
with silver salts it gave no sign of being a chloride ? 
Gradually it became obvious to* all, that the system 
of types was a merely artificial scheme of classifica- 
tion, as Gerhardt himself had pointed out long ago : 
“Comme je I’ai souvent dit, mes radicaux et mes 
types ne sont que des symboles, destines k, concreter 
en quelque sorte certains rapports de composition 
et de transformation.” ^ 

But though types of themselves could serve only 
* Traiti, tome iv. 611 , 
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a tcmpirary purj«J«o, ami aflbwi moroly ono point 
of view, tiio idt'iw wiiich arose out. of thoir oinploy- 
tnent woro of tho «tnio.st importanoo; for. na wo havo 
Hoon, thoy loti to tho notitm of atomic comhining 
power, or “ atondcity,” ami from thia .sprang the 
tloctriuo of tho Unki^o of atoms ami modoni views 
as to chomicai structuro. For this immonso stride 
in ndvanco tho world is indehttKl chiefly to tho writ- 
ings of Koktild, Tho question whether tho credit of 
initiating tho idcst of atomicity or valency belongs to 
this chemist need not now be discussed, notwithstand- 
ing tho claim which he put forward some years later.' 
inasmuch ns it has already been shown that the 
idea was Hrst concoivcil and exprosseil by Frimkland 
in IK52.* KokuU'*, howovor, dosorvoM U» Ihj rogardoil 
as tho founder of motlom structural chemistry, inas- 
much as the linkage of carbon to carlion is first 
clearly set forth in his paper " On tho Constitution 
and Metamorphoses of Chemical Compounds, and on 
tho Chemical Nature of Carbon," published in 1858.* 
In this paper he pointed out that the disposition of 
the atoms oonstitutihg a radicle can be represented 
after sufBoient study of its reactions, and in the 
ease of carbon by a study of the compounds of tluM> 
element. If we consider the simplest compounds of 
carbon, CH^. CH,Cl. OCI^ CHCl^ CO» COCl*. CJS,. 

I •• Bar I'AtOBuloltA d«M liMmmta’* tOompt. Stmd,, 58. 510. 1SS4). 

* Thla pi^at bu h«m vpiy oarafolly d to o w w a d by ProfMaor Ja{8> 
ia tb« » KakaU Komortal Leofcan » {Jaam. Oktm. Sot., 78. lOS-lSO. 
1808 ). 

• Xdatal8*a domOon, 106, 1». 
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CNH, See., it is obvious, be says, that “ the sum of tbe 
ebemical units wbicb are combined witb one atom of 
carbon is equal to 4. ... In tbe case of substances 
wbicb contain several atoms of carbon, it must be 
assumed tbat some of tbe atoms at least are beld in 
tbe compoTmd in tbe same way by tbe aflfinity of 
tbe caxbon, and tbat tbe carbon atoms themselves 
are united together, whereby, of course, a part of tbe 
aflfinity of one is combined witb an equal part of tbe 
aflfinity of another. The simplest, and therefore tbe 
most probable case of such a union of two carbon 
atoms, is tbat in wbicb one unit of aflfinity of one 
atom is combined witb one unit of tbe, other. Of 
the 2x4 units of affinity of the two carbon atoms, 
two are employed in holding the two atoms together ; 
there remain, therefore, six which may be united with 
atoms of other elements. In other words, a group 
of two atoms of carbon, Oj, is sexvalent; it may 
form a compoxmd with six atoms of a univalent 
element, or generally witb so many atoms tbat tbe 
sum of tbe chemical units of these is six. (Examples ; 
C^He, CaH^Cl, C^B.^ C^HaN, 

O^HaOai, CaHaOa, &c.) 

“ If more than two carbon atoms unite in tbe same 
way, tbe basicity of tbe carbon group is increased by 
two units for each additional atom. The number 
of atoms of hydrogen (dhemical units) which are 
united in this way witb n atoms of carbon, may be 
expressed as follows : 

»(4 — 2) H- 2 >=» 2» 4- 2, 
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Htipposo «s=-i5, tho basicity is thowjfore 12. (Ex- 
amplos: <VW &e.) So 

far it bfts Inwii assuniotl that all tho atom.s lussoci- 
tttotl with tho carbon arc hcbl by tho affinity of tho 
oarlmn. It may just jw woll l»o concoivoti, that in 
tho case of polyatomic olomonts, O, N, «Srr,, only a 
part of tho affinity of Uioso, only one of tho two 
tmits of tho oxygon, for example, or only one of the 
throe units of tho nitrogen, is combined with the 
carlion ; so that ono of tho units of affinity of the 
oxygen, or two out of tho throe units of affinity of 
tho nitrogen, remain over, and may bo united with 
other olomonts. Those otiior elements are thus only 
indirectly combined with tho carbon, as indicated 
by tho typical manner of writing tho formula^ ; 


H 



CI,H» 


H 

H 


N 


I 


C!,H 

C,H 

C,H 


N 


Bimilarly, by means of the oxygon or tho nitrogen, 
different carbon groups are hold togothor." 

Further on he refers to the fact that while in a 
very large number of organic compounds such simple 
combination of the carbon atoms may be assumed, 
others exist which contain so much carbon in the 
moleoule, that for them a closer combination of the 
carbon must be supposed; and then ho mentions 
bmizmie and its derivatives and homologues, as well 
as naph t h alene, ss examples of compounds richer in 
oarbonu 

Zioofcing at the position of Gerhardt’s system of 



V] 


GENEEALISED TYPE FORMTTJUB 


165 


types of double decomposition about this time, it 
is clear that the chief advance which had been 
made resulted from the recognition of multivalent 
radicles, and the power they possess of linking 
together two or more residues or radicles. As to 
typical formulae themselves, though so recently in- 
troduced, their importance was already diminishing ; 
for “typical formiilae being representations of reac- 
tions, it follows that if a substance aifEbrds two or 
more distinct kinds of reactions, either of formation 
or of decomposition, it may be consistently repre- 
sented by formulae deriving from a corresponding 
number of distinct types.” ^ Hence in a rational 
formula of the highest possible degree of generality, 
that is, one which would express all the possible 
reactions of a body, the constituent radicles must 
be reduced to the greatest possible simplicity — they 
must, in fact, be reduced to their elementary atoms. 
Such a generalised type formula becomes equivalent 
to a modern constitutional formula. Kekul4 himself 
seems for some time to have hesitated to accept the 
full consequences of his own conclusions, for while 
in the paper just quoted he definitely proclaimed 
the quadrivalent character of carbon, and showed how 
the atoms of this element might combine together, 
he was writing in his famous Lehrhuch ® " that 

^ See British Association Iteport on the “ Keoent Progress and 
Present State of Organic Ohemisti^;” hy G. O. Foster {Report for 
1859, p. 1). 

* Lehrhuoh der Organischen Cfhemde oder der Ohemie der KohZenstoff- 
V^himdtmgen^ i* 167. 
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mtionn! formiilic nro only fomiuln* roproscnting the 
roactionH and not tho constitution of a Ixsly; they 
nro nothing tnoro than ox})rc.sHi«ii.s for U»o nioUi- 
niorplioHCH of a laaly, an«l a ronijwrisun of diflbrcnt 
liodicK, and nro in nowise intonded jw* an expression 
of tho constitution, that is of tho arrangement, of 
tho atoms in tho nctuai sulmtaneo." Tlio roasons 
ho goos on to express for this hesitating position aro 
not quite satisfactory. 

Almost at tho same time, however, another young 
chemist, A. S. ('oupor. in a paper which appeared 
in all tho chief chemical journals, put forth inde- 
pendently quite similar views as to tho peculiarities 
of tho element carlion, and by using a syiOom of 
graphic formula* had oven gone a stop further. 
Coupor showed, in the course of his paper, that the 
quantity of carbon ropitwontod by (t’ -6) is never 
divided during chomioal changes ; hence ho remarks : 
"It is only consequent to write, with Qorhardt, (•, 
simply as 0, it lioing understood that tho equivalent 
of carbon is 12.” *■ In consequence of peculiar views 
of bis own, however, he retains 0—8, wid hence all 
his formula) contain Op or 0...0 in place of O, but 
otherwise they resemble modem structural formula. 
As Ckmper's graphio formula) are the first symbols 
of the kind, and are so remarkably like those in 
oommon use at the present day, they deserve to be 
kept in remembrance. One example will suffice; 

a. B. Ompsr, "Sw sm aoavalte UMofi* ohiniqB*** {Aim. 
CMm., 68,4e»t nU. Mag. [4], 16. 104). 
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propyl alcohol, CgHgO, he expressed by 
ing scheme : 


c: 


..O . ..OH 

..Ha 


the follow- 


C. . .Hjj 


O. ..Hs 

This was in 1858; in the following year Kekul4’s 
Lekrbuch appeared, and in a footnote (p. 160) he 
introduced a system of graphic formulae, in which 
the basicity (i.e. valency) of each atom is expressed by 
the size of the symbol in the following manner : 



Kekul4 thought it necessary to state in. a foot- 
note that by these symbols the size of the atoms 
is not intended, but only the respective number of 
chemical xmits of each element. Symbols somewhat 
similar to these were afterwards used by Naquet 
and other writers. 

Little use of these methods of notation was, how- 
ever, made for some years, but a system was intro- 
duced in 1865 by Professor Orum Brown, which 
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witli .slight niodtiicntinit hits .stimrl it.s gmuml and 
.sorvoil a vuhtiihlo purjinst*. Tho .syinholH explain 
thonis»'lve.s, lait ihu aiilhdr thought it advisalilo to 
.sUUo that hy thoiii h« <liil‘‘not titean to indioatu 
tho phy.si«‘al, hut. tuon-ly tin' ohoinica! po.sititin of 
tho atonia." ‘ Tho fortiiula for uthaiio, its an uxainpio, 
is on this Hysteni a« follows : 



In 1K6U Kmnkland luiopUxl practiraily tho aame 
ttyatom, inoruly omitting tho circloa round the aymbolB 
of tho olomontH, and honoufurward graphic fornmliu 
enmo frooly into gonomi uao. Uy thia timo tho 
dootrino of atomicity or vaioncy waa ftilly ostab- 
Hshod, and tho roluctanoo which wan at Hrat folt 
by many to uso any kind of KynilKii which Hooniod 
to auggeat, ovon romotoiy, a pictorial roproaontation 
of a moiooulo, gradually wore off, in proportion oa 
belief booanto gonoral in tho linking of atoms in 
definite order as a nocossary oonsoquonco of the 
dootrino of atomicity. 

From this timo forward chomical tliooty has ad- 
vanood upon the same road, and mechanical ideas 
of constitution have more and more permeated the 
views of chemists as to tho mutual relations of 
ohemioally united atoms. This will bo developed 
to some ext«tt in a later ohapter, in which the 

' JtmmL Chm^ Aoo., 18* 888 (1868)* 
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principles of “stereo-chemistry” are set forth, but 
the subject cannot be relinquished at this point 
without a brief reference to one important con- 
quence of Kekule’s further study of the question. 

The story carries us hack to about 1825, when 
Faraday, in examining the volatile liquid which was 
wont to collect in the receivers then in use, contain- 
ing compressed oil gas, discovered h&nzol, or as it is 
now written, henzene?- The same liquid was obtained 
by Mitscherlich in 1833 as the sole volatile product of 
the distillation of benzoic acid with lime, the elements 
of carbon dioxide being abstracted from the acid 
and retained by the lime in the form of carbonate. 
Benzoic acid itself was at that time known chiefly 
as a constituent of a fragrant medicinal resin ob- 
tained from a tree, the Styrauoa benzoin, growing in 
Sumatra. Hence the name of the new compound, 
which Faraday had analysed and shown to consist 
of carbon and hydrogen. Coal-tar naphtha was not 
investigated till about 1847, when Mansfield found 
in it a more abundant and convenient source of the 
new hydrocarbon, which henceforward was always 
manufactured from that liquid. Mitscherlich had 
discovered that by mixing benzol with strong nitric 
acid a peculiar aromatic-scented volatile nitro-com- 
poimd was formed, and this, in 1842, the Eussian 

^ This is not to be confounded with the volatile mixture of liquids 
known as hewine or benzoline, distilled from the lightest parts of 
petroleum, and which consists of hydrocarbons of the paraffin series, 
4 “ 2 * 
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chetikist Zinin convortod by moans of ammonium 
aulphido into the liquid whic*h has long Itoon known 
as aniline, anti which has since Iwjcomc famous as the 
material from which the earliest of the artiticial tlyes 
were producotl. ]ien/.ol, or iionseno, contains carbon 
anti hydrogen in proportions which are most simply 
represented by the formula CH ; but the tlonaity of 
the vapour as compared with that of hydrogen, is 
such that the molecule must l>o oxprossoel by six 
times this formula, or This compound is the 

first term of a sorios of hytlrocarbons, of which wo owe 
to the labours of Manshoid the discovery of several 
membora which stand in the relation of homologuos 
to benxeno. Thus wo have : 



. . O.H, 

Td[u«n« . . . < 

. . OtH. 

Kyhne . . . . 

. . 0,H,„ 

Ctimeue . « . , 

. 0,H„ 

0;ytneiio . . . , 



Some years later Fittig and Tullens proved that 
all these hydrocarbons can be formed from benzene, 
by the substitution of methyl CH,, ethyl ( 'tH,, and 
so forth, for one or more atoms of hydrogen in benzene, 
and they supplied a method by which this exchange 
oan be actually effected. It soon became obvious that 
these compounds stood in some very Intimate relation- 
ship towai^ essential oU of almond, essence of oinna- 
num,esB6noe of oummm,and other fragrant or aromatic 
oompounds, among which could be oounted hydro- 
earboDB, aloohola, aldehyds, acids, &o. Further, it 



V] CLASSIFICATION OF ORGANIC COMPOUNDS 171 

was recognised that these aromatic compounds pre- 
sented certain chemical characteristics which dis- 
tinguish them from the corresponding series derived 
from fats, and the acids, &c,, connected with them. 
And thus carbon compounds began to be ranged imder 
the two great divisions of Fatty and AromaAic com- 
pounds, which are still to some extent recognised. 
These facts were by 1866 sufficiently established to 
provide material for reflection, and problems which 
would have to be encoxintered by the promoters of 
the new doctrine of atomic linkage. Kekul4 ob- 
served that benzene is the first term of the series 
to which it belongs, and the supposed lower homo- 
logue, C 5 H 4 , was shown to have no existence. The 
group of six atoms of carbon seems to form a unit 
which continues to subsist undivided in all the 
numerous compounds into which the molecule of 
benzene, more or less stripped of hydrogen, enters 
as a constituent. Further, the hydrogen in this 
molecule shows no signs of being gathered round 
any one or more of the carbon atoms to the disad- 
vantage of the rest. In other words, it is equally 
distributed among them, so that every atom of 
carbon has an atom of hydrogen to itself. We 
have seen how the idea became established, that an 
atom of carbon is capable of linking itself to a 
second atom by means of one unit of its atomicity, 
or valency, as it has been variously called, so that 
each of the two conjoined atoms loses one-fourth of 
the power it possesses by itself of becoming attached 
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to Other atontH. Thin may lie diagranimatictiUy gx» 
proaseti JUS ftillowM : 

I 1 

0 V. 

1 i 

By Iht! a{>|)li<‘atioii of tho sjtino i«iou to an intloHnito 
innnhor of uttnna, it ia eaay to connoivo of a long 
chain of C4irbon atutna linked tugothor in a Htniilar 
manner, thna: 

III til 

-O -o- C- . . . *o. . . . - o O C - 
III ill 

Or ng^tn, thoao atoms may be supposed to Ito joined 
in eonaeqiioneo of the suppression of two units of 
valoney iKstwoon two neighbottring atoms, which 
may lie expressed in a similar manner: 

Or a^iit, by suppression of one and two units 
altontately : 

I I 1 I I 
-o-o-iJ-o-c-, *c. 

All these are examples of what are now called 
open chains, in which the tomrinal atoms have their 
affinities satisfied by moans of hydrogen, chlorine, 
or some other element which ends the series. The 
idea which Kekuld introduced is derived very simply 
from this. He explained the peculiar composition 
and properties of benzene, by supposing that six 
atoms of carbon are joined leather by alternate 
single and double linkages, wnd that the terminal 
ettome are united into a eloeed ahain or rie^. This 
may be expressed wrIUng the six carbon atoms 
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in a straight line as above, and joining the extremi- 
ties ; hut since the molecule of benzene is symmetrical 
in its chemical behaviour, it has long been the 
custom to represent it by a symmetrical figure, the 
hexagon thus ; 



In a large proportion of cases the fourth unit of 
valency, here, by a guess, represented as linking the 
carbons together, is simply unaccounted for, and 
exercised in a way not yet understood ; it may, 
therefore, be left imexpressed. In like manner it 
is imnecessary to write all the symbols for hydrogen 
every time the formula is required, and in practice 
a skeleton symbol has come into use which expresses 
at once all that is wanted. Further, for reasons 
which may readily be understood, it is convenient 
to number the carbon atoms so as to distinguish 
one from another in the ring, and to signify their 
relative positions; and so the formula may be re- 
duced to : 


I 



4 - 
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Or nioro simply na ft»Hows, the n(tml>ors lioing 
undorstmKl : 



The uloft involvoti in this fonnuia of a chain closod 
hy tho intorI<a*king of its terminal atoms has boon 
largely applicK). and many groups of compounds are 
now known formed upon nucloi consisting of 3, 4, and 
5, as well as (1 atoms of (uirlsin, and that other elo- 
munts, Hiitih lis nitrogen, oxygon, and sulphur, may 
take a pliwrc in tho ring. The earliest tlireet synthesis 
of rings ttontaining thriMjaial roiiranttimof earlton was 
accomplishoti about 1KH4. and many roactionH woro 
utiidiod alaait this timo hy W. H Perkin, jun.,* in 
which dorivativoH of trimothyleno and tetmmothylono 


.CH, 

y 

CH, 

CH, 

OH, 

\ ‘ 

1 


^ CH, 

CH, 

CH, 


were obtiuned. He haa ^von a history of tho whole 
aubjeot in a looturo delivered before tho Gorman 
Cfaeraioal Sodety in Berlin.* The oompamtive ease 
with which rings of six carbons may be formed, and 
the much greater difficulty experienced in producing 
rings made up of three or fotir atoms of that element, 
* Mtr., IS, S1S6. Jto. • Str., 85. 8091 {1908). 
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have been accounted for by hypotheses of a remark- 
able mechanical character which will be explained 
in a later chapter. Kektd^’s formiila, in the simple 
shape to which it has been reduced by omitting- the 
debatable and much debated question of what be- 
comes of the fourth valency, is accepted by all chemists. 
Indeed, it may now be regarded as established upon a 
basis of experimental e-vidence, comparable with that 
upon which rests the Atomic Theory itself. It re- 
quires in this form no assumptions that have not been 
fully verified by experiment;^ and it has rendered 
such service in the development of “organic” 
chemistry generally, that it would be no exaggera- ‘ 
tion to assert, that -without it the greater part of 
modem knowledge in this field could never have 
been established. Without its guidance a large 
proportion of the familiar and beautiful artificial 
colouring matters would probably never have been 
discovered, and the greater: number of the numerous 
modern sjmthetical medicinal agents could never 
have been produced, save, possibly, by accident. 
The beauty and fertility of Kekul^’s theory of the 
“aromatic” compounds can only be fully appreci- 
ated by those who have made a study of the subject, 

* Probably the most important single contribution to tbe subject 
ever made is the remarkable memoir by W. Kdrner, published in 
1876, in which he applied the principle, indicated in general terms 
by Kekul4, by which the problem of the position of radicles intro- 
duced by substitution into the molecule of benzene was solved. In 
working out the application of the method, he described about 120 
new oompounds* {Gaazetta Chimica iv.^ translated and 

abstracted into the Jwrnal of the Chermiccil Society, 1876, vol. i.) 
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hut tho Hlomturo relating to tins clopartmont of 
ohomisttrj', oven for •pur|sis('H «>f expoaition, in very 
oxton.sivt'. It is not jiossihlo to enfpr into more 
detail in these pages, hut Urn stmlent will roatlily 
find in every tt*xt-ls>ok of “organie” ehemistry a 
statement more or Usss oompleUt of the applications 
of tho theory. 

It has als»> Ikjoii well remarked that “ Kokuld's 
stmotiiral formula? oloarod away at one stroke the 
entire brood of psoudo-constitutional formultc. If 
chemists no longer waste their time in wrangling 
over tho question whether, for example, mothylamine 
is methane, in which one atom of hyilmgen is re- 
placed hy tho amido group, or ammonia, in which 
one atom of hydrogen is replaciHl hy methyl, the 
merit is Kokul<'’s,'' * 

Constitutional fomitilie then are hasoii on tho appli- 
cation in somo shape or other of tho fundamental 
idea of definite and limited comhining ca{Hu:ity dis- 
covered by Frankland. As time has gone on many 
attempts have been made to extend tho idea so as 
to include not only tho woll-doBnod examples of 
oonstituUon already given, but to account for such 
phenomena as the capacity for combination exhibited 
by apparently saturated compounds such as water, 
and the variation of valency exhibited by certain 
elements. Nitrogen, for example, appears bivalent 
in nitric oxide NO, trivalent in ammonia NH,, 

* Tt t it m ot Jspp'i “KsinM’s Hwowtsl Lsotun*' (TVmu. C%m, 
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aad quiaquevalent in ammonium cliloride NH^CL 
Chemists are far from being agreed on these subjects. 
As to a physical explanation of valency, if one cotild 
be found and completely established on a sufSciently 
firm fo-undation, a step would be achieved which 
would lead us a long way toward a knowledge of the 
physical nattire of chemical “affinity” itself. This 
can hardly be said to have been yet accomplished. 
There are, however, two distinct theories which are 
not only quite modem, but are distinguished from all 
the previous vague conceptions by the support which 
each derives from knowledge comparatively recently 
acquired. The one attributes combination to electri- 
cal charges associated with the active atoms of the 
elements, and this will be referred to again later on. , 
The other, which has been entitled by the authors ^ “ A 
Development of the Atomic Theory which correlates 
Chemical and Crystalline Structure and leads to a 
Demonstration of the Nature of Valency,” requires 
the assumption of attractive and repulsive forces 
between the atoms, but involves ideas which must 
be regarded as supplementary to such hypothesis. 
According to this new view the valency of an atom is 
determined by the volume which the atom and its 
sphere of influence occupy in space within the mole- 
cule of which it forms a part. The attractive forces 
acting between the atoms cause them to lie closely 
packed together. Similarly the molecules are packed 
closely within the minimum compass in solids, and 

^ Barlow and Pope. Journ. Chem, J3oc», 89, 1676 (1906). 

M 
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prystalliiio ntructuro ia produced by the orderly 
Hmvngomont. of cloao-packcd homogeneous assom- 
hliigos of moloculos. 

Tho vftloiH’.y volume ia by no niojius to Imj con- 
fountlot! with “ntomie volmno" dcduml from tho 
density of tho atibalanco, for tlio aphoro of atomic 
influence of carijon being taken as four those of 
hydrogen, chlorine and bromine must i)o taken as 
one, and those relations have no obvious connection 
with tho “atomic volumes” ll’O, 5‘6, 22'8. and 27*8, 
previously assigned to those elements. In the appli- 
cation of this hypothesis to tho problems of midti- 
valoncy and unaaturation tho authors have met with 
considerablo auccoss, but until tho study of ciystallo- 
grnphy and crystal stnifturo has liocome more 
familiar to chemists tho rocc^nition of this most 
intorosting hyjsithosis will pndiably mako sk>w 
ppognjss. 


BlOaRAPHICAL NOTES 

W 1 U.IAU Baaiow, F.R.S,, P.0.8h roatlMinstioiao. 

Ai.iXANSBa Ordu Brown, D.Bo., F.R.S., btaly ProfwMor of 
Ohomiatry in tho Bnivoroity of BdlnbuiKh. 

AROStRAM) SooTT OouPHR WM bom Slit llsroh ISSt at 
Kirkintillooh, Danbartonahiro. A atudont flrat in tho Uni- 
vonity <4 Giaogow, thon in that of Bdisborgh, ho bogan tho 
atndy of ohoadafery in Borlin undwr what tooohora ia now 
OBOortain. In IBA6 ho wont to Paris, and found a plaoo in 
Warta’a laboratory. In 1858 ba publiahod hia fanoua paper 
rofonod to In tho text. Ho then loft Pario, and baaamo an 
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assistant, in Playfair’s laboratory in Edinburgh. His health 
then broke down, and he did no more scientific work. 

He died 11th March 1892. 

[Life and Chemical Work of A. S, Couper. By Hichard 
Anschutz. Translated by A. Crum Brown. Proc^ Roy. Soc.^ 
Edin., 29, 193 (1909).] 

HudoIiPH Fittig, bom in Hamburg, 6th Dec. 1835. A 
student tinder Lampricht at Gottingen, he became privat-docent 
in 1860 and Honorary Professor in 1866. In 1870 he was 
appointed Professor in the University of Tubingen, and in 
1876 succeeded Baeyer in the University of Strasbourg. He 
died the 19th Nov. 1910. 

[Obituary notice. B. Meldola. Joum. Chem* Soc.^ 99, 1651 
(1911). More extended notice by F. Fichter. See Ber.^ 24, 
1339 (1911).] 

Gboegb Carey Foster, LD.D., F.B.S., formerly Professor of 
Physics in University College, London. 

Edward Frankland was born at Ohurchtown, Lancashire, 
18th Jan. 1825. After attending various schools, he was 
apprenticed at the age of fifteen to a druggist in Lancashire. 
In 1845 he entered Playfair’s laboratory, and afterwards be- 
came his assistant. In 1847 he was for a short time at Mar- 
burg, but being appointed teacher at Queenwood College, 
Hants, he returned to England. In 1848 he worked with 
Bunsen at Heidelberg, and in the following year took his Ph.D. 
degree. In 1849 he was for a short time in Liebig’s laboratory 
at Giessen, but having the offer of the Professorship of 
Chemistry in the College for Engineers, Putney, vacated by 
Playfair, he returned home. In 1851 he became Professor of 
Chemistry at Owens College, Manchester, and afterwards suc- 
cessively Lecturer at St. Bartholomew’s Hospital (1857), Pro- 
fessor in the Boyal Institution (1863), and successor to 
Hofmann at the Boyal College of Chemistry and Boyal School 
of Mines (1865). He retired in 1885, and died on 9th Aug. 
1899. 

Frankland was President of the Chemical Society from 1871 
to 1873, and was first President of the Institute of Chemistry 



180 THE PROOttESS OK aClENTIKlC CHEMISTRY 


from 1H77 to 1HS0. Ho wtta oroatfHi K.O.B. in 1897 on the 
oooMton of tile PiiunoiKi .Ittlnioe of Queen Victorie. 

[Obituary notice, l»y H. MncUxwl. ./o«m, t’Arm. Soe.^ 87, 674 


Lkoi'owi Omki.in, horn at 0»tttngon,Sn«l Aug. 1788. Son of 
Jioitnnn Friedrich Omelin, I’rofeaiu^r of Modirtiio ami Oheniiatry. 
Pr»vatHittftn 4 t, and thereafter I’rofeaaor of Medicine and Chemia- 
try in the Univeraity of fleidelberg. l>ied at Iteideiiiwrg, ISth 
April 186,1. 

[Obituary, Quart. Jotim, CAem. Sbr., 7, 144 (1866).] 

Frascm Rorkrt Japp, M.A., LL.D., F.RiSi., Profewwr of 
Ohemletry in the Univamity of Abordeon. 

PRiRtmioH Ai'tiuar KRarti waa born at Darmstadt, 7tfa 
Bept. tKilt). )l<^an the atudy of architeeture at tliuaen, but 
having attended Liiebig's leoturee waa fiuwinated by the tub- 
jeot. After a semester at the Folyteohnia in Darmatadt he 
returned toOiesaenaud entered the University laboratory. In 
1861 he went to Paris, attended Dumas' leutures, and made 
the acKiuaintanoe of Oerhardt, by whom he waa much in< 
Huenoed. In 1864 he osnte to Ijondon aa assistant to Stenhouse 
at St. Hartbolomaw'a Hospital. In IHMi he went to Ueidol* 
berg aa jttiml-dnemt, and in 1H6B pulilisited bta views on the 
linking of atoine. tie was then appointed Professor of 
Ohemistry in the University of flhent. In 1867 be waa 
appointed Professor in the University of llonu, where he 
remained to the end. He died on ISth July 1806. 

[KelnU4 Memorial Leoture. F. tL Japp. Joum, Sac., 

73,07 (1888).] 

Aoolpr Wit,RSUi HRRMaNR KokRii, tha eon of a Lutheran 
pastor, wea bom asar Otittingen, 97th Sept. 1818. He was a 
papll of Wohler’s in the University of C16ttiog«n from 1838 to 
1849, when he went to MarbuiM aa assiatant to Bunsen, 
la 1846 he eens to Baglaad aa eesistant in Playfair's 
iebocatory at the Museum of Praotioal Usology la London. 
In 1831 be anen ee d e d Buaeea Hnrbnrg, a^ in 1881 Im 
se es p te dt the Invitetlon of the Univendty to the Chemical 
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Chair at Leipzig, Among Kolbe’s many discoveries may be 
mentioned the synthetical production of salicylic acid from 
phenol, which has become a manufacturing process of great 
importance. Kolbe died 25th Nov. 1884. 

[Obituary, Journ. Ghem. Soc,, 47, 323 (1885).] 

WHiHELM Hokner, Professor in the Beale Scuola Superiors 
d’Agricoltura, Milan. 

AuausTE Laurent, born 14th Nov. 1807, at Langres (Haute 
Marne). A mining engineer. Appointed in 1831 under 
Dumas as Il4p4titeur du cours de Chimie k TlScole Centrale des 
Arts et Manufactures. After experience as chemist to the 
porcelain factory at Sevres and elsewhere, he became Professor 
of Chemistry at the Faculty of Sciences at Bordeaux. From 
1848 he was Assayer to the Mint in Paris. 

He died 15th April 1853. 

[Obituary, Qua/rt. Joum. Cfhem, Soc., 7, 149 (1855).] 

Charles Blaohporb Manspielu, the son of a clergyman, 
was born at Itowner, Hampshire, in 1819. After education at 
Winchester and Cambridge he entered the Royal College of 
Chemistry under Hofmann. The accidental ignition of a still 
containing coal-tar naphtha cost him his life, 26th Feb. 1856. 

[Obituary, Quart. Journ. Chem. Soc.y 8, 111 (1856).] 

Eilhardt Mitschbrlich was born 7th Jan. 1794, at Neuende, 
near Jever, in Oldenburg, where bis father was a preacher. He 
first devoted himself to history and philology, especially to the 
oriental languages, but having become, at Heidelberg, attracted 
to the natural sciences he gave himself up to the pursuit of 
chemistry. In 1818 he discovered the isomorphism of the 
arsenates and phosphates, and was thus led to the formulation 
of the law of isomorphism which is associated with his name. 
In 1821 he succeeded Klaproth as Ordinary Professor of 
Chemistry in the University of Berlin. He died on 28th Aug. 
1863. 

[Obituary, Joivm. Ghem. Soc.y 17, 440 (1864).] 

Alfrejd Naquet, bom at Carpentras, 6th Oct. 1834. M.D. 
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Parin 1850, IVofoantir at tho «!« till hi« politi- 

cal opiomim ohligcal hifti tt» Ittavi* KranctN Koturntng in 1869, 
lui wa« uftwr tlm war olcciotl tia a l>«puty to tho (Itamlw, 
whoro ho aiit «oi tho loft. 

[Po^^oiulorlFa ihimhri*rfnlmrh^ V4il, lit ) 

Wll.LUH llhNUY PARKIN, jlHlM Pit D*. oUlo»t 8on 

uf Sir Wiiliain Hoiiry IVrkin, F»»rtiu»rl)* l*rofi‘i«i«*»r uf Organic 
C^hotniRtry in tho rnivoraity «4 Mmichontor ; VVaynHoto Pro- 
foimir of Ohotiiintry in tho I’liivornity nf Oaford ( HMll), 

Wu.UAlf JACttmiN Pfii% M.A,, l4{4.th, FJtS., Pir«*fosai>r of 
Ohomiatry in tho Uiiivoraity tif Caiithridgo. 

Jac ?08 liKmmCH WttHRtM HcttIRL, bum :it»t Oct. 1813. 
/ViW-dorml III IJotdtflhiirg. In IfMii* ho want to Amorica, 
wh«ft» ha ramainiNl tan yimrii, and than mtumod to Haldol- 
latfg. A papar («f hla at thia tlmii givna the hiatftry of the 
recognition of eeriei among organic oompouiula. Uohig'M 
no. Nl (inm% Died at limlen-lladeti. 

(PoggendorfTi //fMidie»»rfrrWA, ) 

BRHWgARn OMRlMTSaWI CloTTfRIKO T*iW,ltg«, HlntJ« 1H|3 Pro- 
feiaor Extraordinary and Director of the Agnciiltiiml Oliomical 
l^almiiitory of the Univeraity of Clnttingen. 

Oiua{«lSH AtxttPitK WtiRTX wai born at Htraabonrg. S6th 
Nov. 1817. Ilia father wae the paetor of Woifidieimi a village 
near the city. He at first studied medicino« an«l took his 
degree In 18^ but immediately afterwartla entered Liebig's 
laboratory at Qiesaen. In the fallowing year he went to l%ris. 
and was for a short time in Batard's laboratory at the Facmlt^ 
dti Solenoes, but in IS4& lie became assistant to Dumas at the 
l^le de MMeoitiet and In 1840 he gave a oouree of leottires on 
orgmio ohmnistry In plaoe of Dumas. The tnstltut Agrono^ 
m^oe being foii^ed at ITersaiUee. Wurta was appointed 
Profeieor. The lostitut, bowever« had but a •bcu*t lifoi and 
in 185S Worts e n ooeedsd IHiiiias at the FhouIM de lUdeoUie, 
wfaere be remalniid ttU l$74y when a diair of organic ehemistry 
was created for felm the Bor bonne. 
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He died 12th May 1884. 

[Obituary, by A, W. WilUamson. Proe. Boy. Soc., 38, xxiii. 
(1885). Fuller notice by Hofmann, Berichte Bef., 816 (1887).] 

NTicolaus Zinin, bom 26th Aug. 1812, at Schuscha, Trans- 
caucasia. A student under Liebig at Giessen, he became first 
Professor of Chemistry in Kasan, and later Professor of 
Chemistry and Physics at the Medico-Chirurgical Academy 
in St. Petersburg. 

He died early in 1880. 

[Brief obituary by A. W. Hofmann. Ber., 13, 449 (1880).] 
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THK l*KVKM>l‘MK.ST UK SVSTIIKTM AI. tilKMtSTHY 

Fkum thu liujo of LitvoiHior the Hubjot;t-i natter of 
uhoni'mtry haa Itooii dividuc], in neiirly all general 
trontiaoH on tlio Hciunta:, into two chief {lo{>artn)enta, 
the ndnond or hwrgtmir, and tlie tnyunic. In the 
older text-lKJoka vogolahle auliMtanruK wore dcociribed 
Hopamtely from thuHo of itniiiud origin : Init down 
to compamtivoly recent tiinua the idea tmininonly 
provaiiod that the c!oin{iu.Hition and propertica of 
both thoMo claoHoa of ct>m{K)itnda were guvomod by 
iawa differing eeiwntiidiy from thoau which wore 
found to prevail among aubatancoa of mineral 
nature. It waa reaogniaod that organic cumpounda 
are usually more complex in oompoaition, and more 
easily deoempoeed by heat than minorab, and that 
"we cannot always proceed, as with materiab de- 
rived from the mineral kingdom, from a knowledge 
of their oompononts to the actual formation of the 
subatanoea thentaelvee. It b not probable," it waa 
aidd, "that we ahall ever attain the power of imi- 
tating nature in theie operationa. For in the 
ftnu^ona of a living plant a direoting vital prin- 
dple ajrpean to be oonoerned peouliar to animated 
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bodies, and superior to and. differing from the cause 
which has been termed chemical affinity” (Henry’s 
Elements of Eoap&rimental Ohenfn/istTy, 1829). An- 
other purely hypothetical distinction, the result 
of ignorance of the constitution of the majority of 
organic compounds, was based upon the assumption 
of a hvnary plan of combination in inorganic com- 
poimds not observable in organic compounds. So 
late as 1863 the ninth edition of Fownes’ McmuaZ 
of Ohe'mruistry , with Hofmann as joint editor, con- 
tains a passage in which it is explained that “ copper 
and oxygen combine to oxide of copper, potassium 
and oxygen to potassa, sulphur and oxygen to sul- 
phuric acid; sulphuric acid in its turn combines 
both with oxide of copper and oxide of potas- 
sium, generating a pair of salts, which are again 
capable of uniting to form the double compound 
CuO, SO3 + KO, SO3. The most complicated pro- 
ducts of inorganic chemistry may be thus shown to 
be built up by this repeated pairing on the part of 
their constituents. With organic bodies, however, 
the case is strikingly different ; no such arrange- 
ment can be traced.” 

Organic chemistry then originally, and for a long 
time, was xmderstood to mean the study of com- 
pounds derived from organic sources ; but as to the 
constitution of such compounds, opinion has passed 
through many successive phases of modification. In 
1837 Liebig, in conjimction with Dumas, defined 
organic chemistry as the chemistry of compound 
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nuHclos. (tinoliii, ton yours lator. incUulod in tho 
orgniiio division of his llttntihtMtk cum}K>uii(ls which 
uontoinod inoru than ono atuin {V 41 1 of carbon. 
Gorhurdt's duHnition is as follows : La chintio 
<»rganiqno s’lasnijio do Ivtudo ties lois d'aprtw les- 
quo!!u.H so iiii'tanior{>hosuiit las inatit'ros qui eon- 
stituuiit los |>l)intc.H tit luH aninumx ; cllu a pour 
but la connaiHsaiicti dus tiioyciis propres ii cmnjHtaer 
los suImUuicoh or^uii({UOH on dohors du rccoiiomie 
vivaiito" (fmiti, i. 7). But rocugidsing c;artx>n as 
the esHontial tuid characturistic tilonicnt, Uorhardt 
made nu distinction botwooii thoso cuin|K)undR which 
contain only ono atom and ihcwu which contain 
more than ono atom of this uiomont. Itonco ho 
doaoriliod us fully tho oxides uinl siilpbidos of carbon 
and tho carlxmatos as tho mure complex compounds 
which follow in the book. 

Kekuld deilnod oiganic ohomistry as the I'hom- 
istty of the Carbon Compounds,’ lutd pointed nut 
that the sepamto treatment of such cotnpoimds is 
ohioHy a matter of convonieneo, and is rendoroii 
necoBBaiy in oonaequenoo of their voiy largo num- 
ber, and tho great praotiual as well as theoretical 
importanoe of so many of them.' 

> Tlw Utis of ail wtlt'kaowB Uwlias ssproMM (bin awuobalon 
of idMt L^vrbmk dttr orgmnimAm Vkmkt titltr cl<rr 0umk 4tr 

* ^ Wir dtAilim 9iMo 4ki orgMltobt *li di« Cb«ai« dm 

WIr mbma d»b«i Mom) Qtgmittli 
wmMbm wompadmsbm tasd oygyitoolwB V«rblii4ai^{«iK ** (Mr* 
MAii U)» 
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Kekul4 like Gerhardt, included in his book a 
description of the oxides and other simple eom- 
pomids of carbon. Sehorlemmer, recognising the 
important part played by hydrogen in the com- 
pounds of carbon, defined Organic Chenoistry as the 
“Chemistry of the Hydrocarbons and their Deriva- 
tives.” This, however, is a definition belonging to 
more recent times (LeTvrhuch d&r KohZ&fbSboff-Y'erhi/nr- 
dwagen oder der Organischen Chemie, 1872 ; in Eng- 
lish, A Manual of the Cfhemisbry of the Oarhon 
Oompov/nds or Organic Chemistry, 1874), 

The definition of the province of “Organic” 
Chemistry and investigation of the nature and 
constitution of “organic” compoimds are matters 
of more than merely technical interest. They con- 
cern the great question as to the sources and dis- 
tribution of energy in natmre, and the origin and 
operation of life itself. 

Previously to the publication of Berthelot’s Ohimie 
Orgcmique fond4e smr la Synthhse (1860) no syste- 
matic research had been attempted in the direction 
of building up compounds of carbon, comparable 
with natural organic compounds, by the union of the 
elements of which they are composed. Two notable 
though isolated examples of the production of or- 
ganic compounds by total synthesis are afforded 
by Wohler’s formation of urea in 1828, and Kolbe’s 
synthesis of acetic acid in 1846. That Wohler's 
discovery should not have attracted more attention 
than it did for many years is all the more remark- 
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ivhlo. bocfiUMo the tiulhor hitiiHoIf nooim to have boon 
I'nlly uwaru of itn His wordn uro as 

follow.'C* “.rtthtiiis lu ruHtihat inattomiu ijuo jiar la 
tH>iubiiHii8oi] liu I'luritio oyniiHjtHJ avoo rantiuouiaquo 
U iH) prmluit tio ftmH] ; fait (i'aiiUuit ruiimrquablo 
otIVu tin uxuin{tlu do la fortitalloii artiflciollo 
d’niio inatu'To orgattiqtiu vt tin'iiio do iiattiro unintale 
au inoyun do |iriitcM(ioH iiiurguniquos. ... Jo no 
pariomt pas liavaiitagu tluM pruprivUSa do cutto ur4o 
arttfioioilo puiHtptoUoa sont toiit*ji-fait nemblabiofi a 
uollofi quo i'un pout troiivor dana los (merits do l^uat. 
Prout, ot auiroM »ur I'urtki.’' 

KolboH prucooM won tituro coniplicatotJ.* By the 
liotion of chlorirto upon citrboii liiaidphido. which b 
fomtod by tho tinititi of ita two oloiiionta, carbon 
totraohlorido ta obuiinoft, anti at a rod hoat this 
oompound is tiouoinposod into chiorino and totra- 
ohlorothylono. C',**!,. In iho proaenco of water, 
uhlorine, and aunlight, this oompound yields tri- 
ohloraoetio acid, probably through tho intermediate 
formation of hexchiorethano : 

Cl/31«-f SH/>«CICia.OO|H + 3UOL 

Triohloraoetio sold mixed with water oan be reduced 
to aoetio acid by tho action of sodium amalgam. 
It is almost ne^ess to add that Uie acetic acid 
prepared by this synthetical process is identiosd in 
all respects with the aoetao acid obtained firom vinegar, 
wludh is the produot of a peouUsur Intnentation. 

* Atm. CMm. IS], ST, S80 (18*8). 

> Oktm. Om. S, SBt. 
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Hie methods employed by Berthelot -were for the 
most part simple and direct. Starting from carbon 
or one of its oxides, he obtained several hydro- 
carbons from which, as well known even at that 
time, more complex compotmds can be built up. 
The following are a few examples of his processes. 

At the temperature of the electric are, carbon 
and hydrogen unite directly to form acetylene, CgHg. 
The same compoimd is produced by the action of 
the electric spark on a mixture of hydrogen with 
carbonic oxide, with carbon bisulphide, or cyanogen. 
From acetylene, by acting upon its peculiar copper 
compotmd by hydrogen in the nascent state, ethylene 
is produced. Thus : 

2iBC+a:H2=i»C3H2 acetylene. 

02H3+H2=C2H4 ethylene. 

Ethylene imited with the elements of water con- 
stitutes common alcohol. To effect this union the 
gas may be made to combine with a hydracid, 
especially with hydrogen iodide: 

0aH4+HI=02H6l, 

and the resulting compotmd heated with potassium 
acetate gives ethyl acetate, from which, by the action 
of potash, alcohol may be obtained : 

02H6l+KO2H8O2=02HjOjH3O2+KI, and 
OaHjOaHsOa -h KHO = K0aH302+ OaHgHO aloohoL 

Alcohol may of course be employed as the starting 
point for the production* not only of aldehyd, acetic 
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acid, or acetone, but of a lat^o number of compounds 
of more complex ctJinpositton. 

Alcohol, however, is tthtiiinnblo fmm ethylene by 
tho simpler prtittoas of dissolving Iho gas in hot 
sulphuric acitl, whereby suiphovinic acid is formed, 
and sul>Hoquontly decomposing this com{iQund by 
distilling it with water. 

C,H« 4- H,R 04 - 0,Hdi SO« and 
aHBO, 4- H,0 - C,Ht»0 -f 

Acetylene may be employed as the material from 
which henxene and all its multitudinous train of 
derivatives may be formed, for by tho simple appli- 
cation of a mexierato hoat tf» tho gas it sufTors con- 
densation almost completely into bonxotto : 

At higher tomperatiircw more complex hydrocar- 
bons, such BS napihalene, and anihracono, 

CifHiQ, are produced. But beside tho direct union 
of carbon with hydrogen at tho temperature of the 
eleotrio are, tho fonnation of hydrocarbons lirom 
these two elements may be aooomplishod by tho 
addition of one preliminary stage to tho series of 
operations Thus oarbon may be oonbined with 
sulphur, forming oarbon bisulphide, and hydrogen 
with sulphur, forming hydrogen sulphide; if, then, 
theee two compounds be tnuismitted simultiuneously 
Uirough a tube containing heated metalUo copper, 
the sulphur is withdrawn by the m^al, and the 
other elisnents unite at the*niom«tt of their libera- 
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tion in the presence of each other. A mixture 
chiefly of marsh gas and ethylene results : 

2H2S+CS2+40u=40uS+CH4, &o. 

Or carbon monoxide may be used as the parent 
material. This gas is not ajffected by caustic potash 
at the common temperature of the air, but at the 
temperature of 100° and upwards it is absorbed by 
a concentrated solution of potash with formation of 
potassium formate : 

00+KH0=KCH02. 

From this compound formic acid itself- may be 
obtained, a substance originally procured by the 
distillation of ants with water, and in more recent 
times by the oxidation of various materials of 
vegetable origin. 

Such examples as these are sufficient to prove 
that compounds identical in every respect with 
the products of animal and vegetable life may be 
formed from dead mineral matter. Berthelot was so 
anxious to establish this point beyond the possibility 
of dispute, that he gives in detail one series of 
experiments in which the carbon employed was ob- 
tained in the form of carbon dioxide from barium 
carbonate; it was then made to pass successively 
through the forms of carbonic oxide, formic acid, 
barium formate, ethylene, ethylene bromide, ethy- 
lene again, and finally into ethylaulphurio acid, 
and its crystallised barium salt from which alcohol, 
the ultimate object of these experiments, was gene- 
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rated. Water and carbon dioxide, then, were the 
only compounds from which the elements of this 
alcohol wore derived. 

Chemists, then, wore long ago completely eon- 
vince«l that so-cudlod “ t)rgnni«* ’’ (’omjxmnds, though 
frequently more complex th(»n inorganic compounds, 
such ns metallic oxides and salts, owe their existence 
to the ojjerntitai of the same ehemi<ail affinity which 
governs the formation awl transformation of those 
oompounds. The pceuliaritios of their constitution 
arise from the facts pointed out nearly forty years 
ago by Kekuld and by C'oupor (soo ('haptor VX 
namely that carbon, the ossential element in all 
such combinations, possesses the remarkable power 
of wUli iUvlf atom to atom ; and secondly, 

that all the combining units of such an atom or 
group of atoms inuy foe mthimtiH hy hyttnttjni. 

C'onsidoriug the now universal reeognition of the 
true province of Oiganio ( 'hemistr)’, it is unfortunate 
tiiat the names Imirgtmic and Oryttnir should lie still 
retained for the two oo>onlinate departments of the 
soionce, and that the division Iiolwoon them, though 
praotioally neoosaary, should bo maintained in so 
absolute and arbitraiy a manner. To speak of 
Organic ohemistiy at idl, is only one of the many 
examples which might be given of the otymol^cal 
conhuion which everywhere prevails in'the language 
of ohemutiy. There are organio beings, and thsro 
may be a c^mistiy peculiar to their funotions, but 
this is what would be ri^^tly oomprehended under 
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the ‘term physiological cheroistiy, or rather chemical 
ph3^ology. AU chemists, hoTvever, novf agree that 
there is but one chemistry so far as principles are 
concerned, no matter how various may be its ap- 
plications. The sharp distinction and separation of 
inorganic and organic chemistry is in teaching and 
learning a source of great loss and inconvenience; 
for until a student has become acquainted with 
the properties of at least a few carefully selected 
carbon compounds, he can have no true idea of the 
relation of composition and constitution to physical 
properties, which is only to be acquired by the 
study of the phenomena of isomerism and of series. 
Among metallic and mineral eompoimds there is 
nothing corresponding to homologous series, unless 
we admit the relations which have been traced (see 
Chap. rV) between the atomic weights of certain 
elements and their properties. But these are far 
less regular than the relations observable among 
the members of a series like the acetic series of 
acids. Moreover, a student who is limited to the 
study of salts and other metallic eompoimds has 
few opportunities of observing the methods by 
which “constitution” is established, and even the 
processes and effects of oxidation and reduction can 
be but imperfectly understood. 

Since the time of Berthelot’s experimental investi- 
gation of the conditions under which such carbon 
compounds may be formed, the art of chemical 

synthesis, the building up of complex from simple 

N 
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nmtorinls, hns niadn renmrknlilo progress. Not only 
the simple formic and ncotii* itnids, but complex 
vegetable aeid.s, such >uh tnrtjirie, citric, .salicylic, 
gallic, citinautic ; not marsh ga.s aiul ethylic alcohol 
only, but fats, phenols, indigo, nli»iriu, sugars, and 
oven protcii».s* identic 4 d with tho.se extracted from 
the ti.s.suo.s of plants and animals, are now prmhiciblo 
hy purely ehemienl prw'oasos in the laiiomtoty. It 
might appear that such trinmphs would justify 
anticipations of still greater advances, by which it 
might liocome possible to ponetmio into the citadel 
of life itself. Nevertheless the warning that a limit, 
though distant yet, is certainly set in this direction 
to the powers of man, appears to he as justifiahie 
now, and oven as necessary, na in the days when ail 
these deiinito organic compounds were supposed to 
1)0 producible only through the agency of a “vital 
force." Fur even supposing the secret of the chomiad 
constitution of all the colloidal pruteki suluitattces fully 
understood, the conditions under which such non- 
living substances could acquire the power of absorb- 
ing and using supplies of physical energy in such a 
way as to exhibit the cycle of events called "life" 
would still remain a secret Until some idea can be 
formed of the relation of matter and the various forms 
of physical energy to oonsoiousnesa, or oven to the 
apparently unconscious mechanism displayed by 

vegetable life, which inoludes the powers of growth 
« 

* SMUisrsmdsj tMtnrabY SnUFiMber. Joit*n.€Sktm,Sa«,M, 
m»(l907). 
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and reproduction, the triumphs of synthetic chemistry 
will bring us no nearer to a revelation of that secret. 

Emphasis was at one time’^ laid upon a physical 
distinction between Hving and dead matter, that is 
the production by purely chemical processes, and 
without the aid of living matter, of compounds 
possessing the power of rotating the plane of polarisa- 
tion of a ray of polarised Mght, in the manner which 
is so characteristic of many of the proximate con- 
stituents of animal and vegetable structures, such as 
the proteins, the sugars, and various hydrocarbons, 
acids, and alkaloids. This distinction has, however, 
disappeared, since it is known that optically active 
compounds can be obtained without the intervention 
of living matter of any kind. The question will be 
further discussed in the next chapter. 

The methods employed by the modem chemist in 
the construction of carbon compounds, the mole- 
cules of which are known to contain many atoms 
of carbon, are so numerous that it is not possible 
in such a sketch as this to do more than indicate 
broadly their general nature. It has already been 
shown how Berthelot and others succeeded in uniting 
the elements carbon, hydrogen, oxygen, and nitrogen 
into compounds previously believed to be derivable 
only from organic sources, but such substances as 
formic acid, alcohol, and acetic acid are- after all 
very simple in constitution, and between such com- 

» See “ Address to the Ohemical^ction of the British Association,” 
Bristol, 1898, by Professor F, R. Japp, Presidei^t of the Section, 
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f)ouiwlH HM thcso and tho roninion <!otist.ituont8 of 
vogot«l»Io mid aniinni jiiirrs there is a wide interval. 
Taiiarif arid, for exaniph*. t’ontaiiis four atoms of 
oarlKHi, I'ilrio n«'id six iitotns. oonniion suj^ar twelve 
atoms of the same oloment, while I'afreine, tho alka- 
loid of tea an«l eolfee, eoiitaiiis eiffht atoms of earhon 
with four atoms of nitrogen; nnrl tho blue eolouring 
matu*r of indigo eontains sixteen atoms of earhon 
and two atoms of nitrogen in the mnloeulo. The 
art of uniting I’arlion to earlaui has now tioeonio so 
familiar, that ehemists are apt to forget that its dis- 
covery and applimtion is so recent that it really 
liolongH to tho prosen t gonoratien. Iloforo attempt- 
ing to illuatrato hy an oxaniplo or two tho nature of 
tho molhfKls omployod, it is ncKtessary to remind tho 
roador that advancos in tho diroetion referred to 
postnlnto certain fnndamonta! itloas, the origin and 
development of which has already ((Jhap. V) Itoon 
doacribod. We heltevo now that in a molecule tho 
constituent atoms are not thrown together confusedly 
in a general jumble, but that a definite order is 
maintained, and that this order can be. at least with 
great probability, inferred from the properties, modes 
of formation, and decomposition of tho compound. 
In such a system it is reoc^ised that some elements 
are united togethw dirmotly and some iwUrecily, 
Booordtng to their respective valenoies. into a stnio- 
ture which, though it douli^ess possosscs great 
elastldty, is more «r less permanent. So long as the 
ooxnpoond retains its idmtity Its constituent i^ms 
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do not wander about, but retain tbeir relative posi- 
tions ; wbereas, if a change of relative position does 
occur, this is inomediately manifested by a change 
in the properties or eheroical behaviour of the sub- 
stance. The knowledge which we now possess of 
the “ constitution ” of so large a number of chemical 
compoimds is, of course, the outcome of an immense 
amount of patient labour, the utility of which has 
not always been obvious to the unlearned. 

One method of uniting carbon to carbon is based 
upon the peculiar properties of cyanogen and its 
compound with hydrogen, hydrocjranic or prussic 
acid. Cyanogen is very familiar as a compound 
radicle which is capable of playing the same kind 
of part as chlorine or bromine, and of being exchanged 
for either of those elements (see p. 14). If, then, 
such a substance as ethylene, which, as already 
explained, can be pre ^ared from its elements, is 
first converted into jltts bromide, CgH^Bra, the bro- 
mine may be exchanged for cyanogen by simply 
heating it with potassium cyanide. The compoimd 
ethylene cyanide, C2H4(0N)2, results, and if this is 
boiled with an acid of an alkali the nitrogen is 
removed in the form of ammonia, while an equi- 
valent quantity of oxygen and hydrogen is intro- 
duced, and succinic acid, 03114(0023)2, is obtained. 
This was accomphshed- by Maxwell Simpson in 
1861,^ and since the means of converting succinic 
acid into racemic acid was made known about the 


^ 'Ptoc* JSoc., 11, 190. 
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.sRUio limo }iy l*t>rkii» ami hero wn« a inothod 

of building up a complex vcgclablo acid by a process 
of purely choinicail aynthcHis. 

This suetaiasiou of o|>eratioiis may Ikj tracotl in 
the following aories of formula', which Hcrve to show 
how the chum teal couMtitution of tartaric acid has 
boon dotorminud ; 

Ctl, 
tt 

CH, 

CHfCN 
OUrCN 
OH,.C0.01I 

o«»co.tm 

CHBr.fO.0a 
CUBr.Ctt.OH 
CH(0H).€50.0H 
OH<OH).<K5.<>H 

Hydrocyanic acid has Ute power of uniting with 
many oompounda. oapeoi^ly with aldohyda and 
ketones, in such a manner dbat its oarbon becomes 
attached to the oarbon of the aldebyd or ketone, 
while the nitrogen can afterwards be eliminated, if 
dadursdt the action of dilute adds or alkalis, ss 
already waidaheedL In this way. for example, lacAtc 
aeid, OJS^g, the acid of tour milk, may 1 m formed 
irom shlahydl, OgH^O. 

* <imH. OkmKS Ew.. IS. lOS (IMl). 


Ethyleiiv. 

Bl.hy!«tt«i eyiuiicki. 

Hutsetnkr noid. 

lllbritmcf«ttt?clnii? mki, 

Tkrtorio or rmaotnic mdil* 
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Anoth.er method of producing more complex 
from simple carbon compounds is founded on the 
tendency of many of them to undergo the process 
of polymerisation, or formation of new molecules 
by the union of several into one. The polymerisa- 
tion of acetylene into benzene has been already 
mentioned, and to this may be added such cases as 
the conversion of aldebyd into paraldehyd, 

■ 30jH40=CeHi20s, 

and the production of the sugar-like substances for- 
naose from formaldehyd, 

GOHjO = 

and acrose from glyceric aldehyd, 

^CgHgO = Cg£[j2^e* 

Many such changes occur spontaneously in course 
of time or under the influence of heat. 

In other cases condensation is effected by the 
use of agents -which have a tendency to unite -with 
water or -with a mm onia, which may be separated 
from the elements of the parent substance as a by- 
product. For example, acetone mixed -with strong 
sulphuric acid yields water and trimethyl-benzene 
or mesitylene: 

SOgHeO = O9H12 + SHp. 

Another very interesting method of joining carbon 
to carbon arises out of the remarkable influence 
exercised by oxygen upon the properties of hydro- 
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gun ntont.s Htt4U!hotl> nut tu tho uxygcn iutcU' hut 
to cjirlwiH atuniH noiir to it within thu nioloculo. 
Miiiuniu ju‘i«I, for uxHinplu, tH»nt4unH u seriuH of threo 
utirliun atotitH, <if which tho <'untnii is unitod with 
twt> atoms of hy<irogon, whik> iho two latorai aro 
coin))inud with oxygon, thus ; 

CO- CH, CO 

Now, whon tnirlron is unitwi U» hydoigon only, tho 
hydrogen is inoapahlo of Iwing disttirliod hy tho 
action of Ho<liufn. and in compounds which contain 
throo mrlioti atunis thus unitod, iiut all comhinod 
with hydrogen, contact with aodiuin or a scxlium 
compound would have no effect. But if tho othoroal 
aait of malonic iwid is luixod with stalintn othylato, 
ono of tho two atoniH of hyiirogon is immodiatoly 
roplaood by wsliunt, thus: 

~CO-OHNa-CO- 

The sodium thua introduced may bo easily ox- 
changed for a hydrocarbon radiclo — othyl, for 
example — by bringing the new compound into 
oontaot with the iodido, whilo tho sodium is elimi- 
nated in Uie form of sodium iodido. A compound 
Uius results, in which the carbon of the othyl is 
attached to the carbon which was previously pro- 
vided with bydrc^ien only, 

-00 -OH -00 

4b. 

The ^^sthellodi fernuuio9 of Isige oumbeni of 
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complex compounds lias been effected by •ma.Tdng 
use of this principle. 

Enough has now been said to indicate the lines 
upon which research has travelled during the last 
forty years or more, but it must be obvious that 
the practical success of such operations is greatly 
dependent upon providing the right physical condi- 
tions, and these can only be arrived at as the result 
of much experience in the laboratory. 

The artificial production of complex carbon com- 
pounds, possessing properties which render them 
applicable to a great variety of practical purposes, 
may be justly regarded as one of the trimnphs of 
modem chemistry. Many of these compounds, such, 
for example, as salicylic acid, used extensively as 
an antiseptic and as a remedial agent in medicine, 
indigo and alizarin as dyes, coumarin and vanillin 
as perfiimes, are identical with the compounds pre- 
viously known only as products of vegetable life, 
and obtainable only from the substance of the 
several plants which yield them. Some of these 
discoveries, in consequence of which it has become 
possible to dispense with the cultivation or collection 
of large quantities of a plant, have been followed 
by economic results of far-reaching effect. One of 
the most notable instances of this kind is supplied 
by the case of alizarin, the chief red colouring 
matter of the madder root. The cultivation of this 
plant, the tinctorvm of the botanist, of which 

the wild variety is found commonly in hedges in 
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Itrllain, hii.s Itcten for voiiltincM tsurrtiMl on in tho 
south of Eun»jKj. It wjis iiitroduccii into tho south 
«)f Franco in 17tH» hy Juan Althun, to whom a 
staluo Wits uroultni at Avignon, in roiHignition of the 
vaiiiu of this sorvico to tho tiistriut. lint in 1H()8 
tho relation of alizarin to anlhraconu, a hvJro- 
carixMi present in tho loss v«»latilu iKirtion of uoal- 
Lttr oil. was osUihiishuti by (Irtutiio and Lietierniann.* 
MotiuHls woK> iinmodiatoly devised by W, H. 
Ferkin* In this country, anil by t^aro, Gnujlto. and 
Lielwnnann ■ in Germany, by which tho manufacture 
of alixarin fioni anthracene bocatnu cuinmercially 
poastble. Honcefurth tho cultivation t>f thtt madder 
plant in tho cuuntrios in which previously it hail 
been a crop of consitlomhlo ntonuy value, and 
oooupying largo tmcts of land, lietanuo iinnocessary, 
and it therefore speedily docUitod, and has now 
almost disappeared. Perkin stated* that the value 
of the imports of madder root into tho United 
Kingdom had been previously alsaut one millton 
pounds sterling per annum : and when wo reflect 
upon this, and upon the influenoe which is imposed 
upon the inhabitants of a country district by the 
necessity of learning new methods of oultivation, 
and of finding new markets, as the oonsequenoe 
of the exchange upon so large a scale of one kind 
of crop tof others, perhaps untried, the great im- 
poctanoe of such a dieoovery becomes obvious. 

* Bm-., 1 , «e (laes). • Jtmm. eSflN. Sb«.. ss. lae (isro). 

* JiM% B, t8e CtSTO). * Laeutrcii hdtan tlw Sooikajr of Art*. IS7S. 
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Of the very numerous substances now emanating 
from the chemical laboratory, many others, like ali- 
zarin and indigo, are applicable as dyes, either to 
cotton on the one hand, or to wool and siTk- on the 
other. Substances like alizarin require the previous 
application to the fabric of some substance, called 
a “mordant,” with which they can unite, forming 
a compound which is not only insoluble in water, 
and therefore is not washed out by water, but also 
exhibits a brighter and charactenstic colour, the tint 
of which is determined by the mordant employed. 
Thus with alizarin a red colour is produced by 
alumina, a purple by peroxide of iron. The most 
famous of these artificial substances of strong tinc- 
torial power are, of course, the so-caUed “aniHne 
dyes,” and these for the most part require no mor- 
dant when applied to wool and silk. The story of 
the discovery of the first of these colours, the sub- 
stance originally called mxxv/ve, or aniline purple, 
has become so familiar, and has been followed by 
so many other wonders, that its interest may be 
thought to have faded ; but to Englishmen it 
ought always to serve both as a source of justifiable 
pride and as a warning for the present and the 
future. This discovery was made and was worked 
out into a practical process of noanufacture in 1856 
by our distinguished countrynoan, William Henuy 
Perkin, whose name has already been mentioned 
in eoimection with alizarin. But the manufacture 
of the vast series of colouring matters of every shade 
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ulul tint, of which nuuivt' must Ik! iis tho 

lujcestor, han boon grathtaily t mnsfcm’ti to Genmny, 
whoro tho ouitivntion of " orgjinio ” I'homistiy has 
hinm hwtoml itt thu univorHit its* anil toohuical hijjfh 
Hohoola, whilo it was ft»r a l««ig timo nogioototl in the 
oomwjsanlitig institutions of this oounlry. 

Tho history of tho dovolt»pnicn! of the ooal-tar ■ 
ootour inilustry wouhi alone i>u snfticient to (Kicnipy 
sevoml volnmoH, anil it is ilioroforo intfstssthto to do 
JiiHtico to it in those {wges ; ' but it should lie men- 
tioned that tho name " aniline." applietl popularly to 
those ooloiirs, is in a greiit many enaos entirely a mis- 
nomer. Mauve and mngotitii were the colours first 
ohtaitusl, and they were fornieil hy tho action of oxi- 
dising agents U|sin t'oinmen'ial aniline, which at that 
time consisted of a mixttmi of aniline witli some of 
its honiolognes, espeeiuliy tolnUlhie. A large propor- 
tion of tho colours now maiuifactunx! are produced 
by chemical chiuiges from other substances obtained 
from the constituonts of coal-tar, for example, naph- 
thalene, and by the applimtion of wholly different 
methods, of which the moat important is the prooesa 
known as " diasotisation," dmeovored by P. Griess in 
1865.* This consiata in the introduction of two 
i^ma of nitrogen, oorabined on tho one hand with 

> An axewtidiiigljr tatareialng acwoonb wm glvm by Parkin of bis 
own osnsir, and ig iba dlaoovar; of lauva and obbar oalonm, in 
eonnaelton with tha Hofnann Manoriat LMtnra. Hay 1S0S, of 
wbloh a tnU rapwt apiiaara in bbo g V a m w S fa iM qf tkr GlUmlaal 
AwMy for 1886. 

* tfowra. C b m . doe., 18, 8S8. * 
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carbon, and on the other with an acid radicle or 
other group. Most of these compounds are un- 
stable, and decompose with explosion when heated 
or struck, and are often rapidly affected by light. 

The problem presented by the intense colour 
and tinctorial power of the “ organic ” colouring 
matters has been much debated during the last 
forty years, but so far without the establishment of 
one general theory. In fact, it seems improbable 
that substances so diverse in composition and in 
constitution should agree in any one peculiarity of 
structure, to which the property of selective absorp- 
tion of light, that is, of colour, can be fe.irly 
attributed. 

The influence of molecular weight in modifying 
the shade of colour was one of the first observa- 
tions made, and it was attended with practical 
results of great importance. The red dye of aniline 
— ^fuchsine, magenta, or rosaniline — as it has been 
variously called, was converted into a series of other 
dyes, in which the red was gradually suppressed and 
blue developed, by the introduction of methyl, ethyl, 
phenyl, and naphthyl groups, which are simply 
composed of carbon and hydrogen, in place of one or 
more atoms of hydrogen in the original dye stuff. 
We thus arrive at the following series : 


OaoHaNaO - 
0*oHx8(0<^fi)W • 


Red. 

Reddish violet. 
Pure violet. 
Blue. 


. « 
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A romarkftWo fart about thrao roiu{K)unda is that 
th« hawH thrmwlvr.s. of whirh tho formula are 
alwvo, are rnloiirlrw, and it la oijly in tho 
f<»rin of KiUbH that thoy iiehavo iia ih'ra. 

There i«, however, a diatinetion to bo roeognisotl 
iK’tween Hukataneoa whirh <'xhibit eolotir in tho solid 
Htato or in aohilion hut whirh are not found to Ijg 
eapahlo of aitar.hing thonisolvoa t(» vogotablo or 
animal hhros, whether with tho aid of a mordant or 
not. and auhatanoea which on tho oontraiy do attach 
thomnelvea to libro and ao act aa dyea. 

The hydrocarbons generally, benxeno. naphthalene, 
anthracene, for examplo, are colourloaa to tho eye, 
but in the ultra- violet many of them pnxluco absorp- 
tion l»amla,* This corresponds to high oseillation 
frotptoncy in at least {mrts of tho moltJcule, and if it is 
Imulod hy tho introduction of various nulicloa in place 
of part of the hydrogen, the absorption may tie in 
some cases thrown back into tho visible tt^ons of the 
spectrum, and colour results. Thus benxeno and phenol 
are oolourlesB, but hy interaction with nitrio acid they 
give rise to ptUe yellow mono-nitro compounds, which, 
however, poaaees none of the properties of dyes. 
However, if from phenol the tW-nitro derivative, 
piorio acid, C||H^NO(k|,OH, ia {wepared, it dyea wdJc 
and wool light yellow, Thera are mnay simUar freta, 
which are perplexing and at present have received 
no iide(|uate explanation. 

* Bailtagr, /Mwa. Ohtm. Em., S^IU (lssi),aail ouuiy iator isipvni. 
— p s el s n y Miurtley sad Dobbia, Jawn. (Mam. Aw., TS. MMI (1S9S). 
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Two principal liypoth.eses have been put forward 
to connect colour and dyeing properties with chemical 
constitution. The former of these was proposed by 
Otto N. Witt in 1876.' According to this hypothesis 
tinctorial power is attributed to the introduction of a 
group called a cTuromophor, which entering a molecule 
of a particular constitution, called a dh/rovnog&n., 
produces colour. Thus NOg is a ehromophor when 
introduced into benzene, but the product is not a 
dye unless one or more salt-forming groups, such as 
hydroxyl, are included at the same time. 

The second h 3 rpothesis referred to is based on the 
observation, originally pointed out by Graebe and 
Liebermann,® that all organic colouring matters, 
certainly all those known at the date of their paper 
(1868), are very easily converted into pale or colour- 
less substances (leuco-compoimds) by the action of 
reducing agents. From this they inferred that these 
colomred substances contain unsaturated elements, or 
that certain of their constituent atoms are combined 
together in a peculiar intimate manner. These facts 
have been handled by Professor Armstrong in a 
series of papers, of which the first was communicated 
to the Chemical Society in 1888.® He appears to 
support the view that in every case of colour among 
carbon compounds the substance has a constitution 
which is comparable with that of quinone, that is, it 
contains a closed ring of six carbon atoms, it is 

* BvrieMey 9, 622 (1876). , ® BertoKU, 1, 106 (1868). 

* Proo. CTien*. iSac., 4, 27 ; also Proo. (Them. Soo., 1892, 1893, 1896. 
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tnl, luwl iiiclmlrH two hivslciit j^roiipa in 
oil her tl»c |Mi,m r>r cirtho j)rwiti<*ns rolutivcly t« oach 
olhor. The hy{»*Ulu\‘»iH roijuinw In two Honiowhat 
cluHlU! if lo Mtieh eaaoH 4ih hoiiic nf tho 

fnhmrcti !»y<trnearhonH ami f«» ,HU«'h a eoiujKHttai aa 
icaluforni, whieh nmiaina only oih* nlfun of mrlmn. 
Then' haa hwii inueh nmmifnriure of hyfKithoHis in 
connoction with Ihia queation of ilin priKliirtinn of 
trolonr, hut tho naaiunjition of quitioiioul Hirmiuro in 
ono of tho conipononts ontoring into iho conaiitution 
of many «lyo slufTa ia mIiII in favour with many 
chomiMtH,* 

Tho prfKhiftion »»f cohmroil aalta hy c’ortain ot»lour- 
ioHS acids, vlolurio luai} for example, roprosonts 
another ulnsH of chatij^ in which isonioriaation 
must ho atimittoti.* 

Turning from tho prtxluciion of oolotiring mattors, 
a survey of tho applications of •• organic " chomistiy 
to itsoful purposon rovoals siirh a variety anti wealth 
of material that tho pages of no single Imok could 
contain even a stiperfloial sketch of the whole. And 
it is not pcMsible, therefore, in this place m do more 
^han point out tho most important of tho directions 
in wlhioh the greatly enlargpjd knowletlgo of these 
modem times has been applied. 

The aria of peace and of war have alike profited by 
the diaoovMriee of the chemist. In medicine the 

* tor onmpl*. Orooa, Jamm. Omm. Sao., 108. 9X0 (1918).* 

* aloe M. A. WlUMloj. /ntrn. dktmt. 17, IMO (1900), sad 
81, M {1808). 
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physician is now provided with a bewildering host of 
new agents. The introduction of antiseptics by Lister 
produced a revolution in the practice of surgery as 
great as that which resulted from the use of the anaes- 
thetics by which paiu is abolished, and both these 
classes of agents are obtained from the laboratory of 
the chemist. And now we have a choice of a great 
variety of chemical compounds produced by synthe- 
tical processes, and of which the physiological action 
has been more or less completely investigated and 
shown to be applicable to the treatment of dis- 
ease. It is only necessary to recall a few out of 
the scores of substances which have been pro- 
posed for use. Among antip3rretics there are anti- 
febrine (acetanilide, O0H5.NH.C2H3O), phenacethxe 
(aoeto - para - phenetidine, CgH4(0C2H5)JN’H.C2H50), 
and antipyrine or phenazone (phenyl-dimethyl- 
isopyrazolone, OH — OO 

II > N.OeH,). 

O.OH3-N.OH3. 

Among anodynes sind hypnotics there are paraldehyd 
(O^HiaOj), chloral (COI3.OOH) and its combina- 
tions, sulphonal (dimethyl-methane-diethyl-sulphone 
(CH3)20(S0202H5)2), and others. Among anaesthetics 
there are not only the long familiar chloroform and 
ether, but many substances of value for the produc- 
tion of local insensibility to pain. Of these, the 
alkaloid cocaine and its various derivatives and 
substitutes are the most remarkable. The employ- 
ment of antiseptics has • extended beyond the 

o 
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apfiiication miute hy the mirgoon in tho treatment of 
wntimb, and tho annitjiriiui aa dlHinfoctante, to the 
pn'sor\-alt*m nf milk, moat, fish, ami varioua other 
nrticlwH of food, until it has now become a qnoation 
witether tho uso of those substances in an indis- 
erinnnato manner may not before long require more 
serious lej^islativo restriction. 

Tho use of explosives is not now ronfined to their 
applieation to warlike |airposcH. The discovery of 
nilro'giyoorin ' and its cmplitymoni in tho form of 
“ dynamite ’* have contrihutod in no ainali degree to 
tho amiatanco of work which makoa for peace, in 
road and tunnel imUcing, in qiianying, in idiaUering 
rocky obstnmtiona in rivers, and generally to the 
purposes of the engineer. Nitro>glyoerin is a colour* 
loss heavy oil which at low temperatures fieeiies into 
a crystalline mass. When first used in the liquid 
state, under the name of iV'oM's ejepUmitm ail, many 
accidental explosions oeoumMl, but in IK($7 Alfred 
Nobel* hit on tho valuable idea of rendering it at 
onoe more easily portable and less dangerous, by 
incorporating it with a certain proportion of kieeel- 
guhr, a fine silioioua earthy material. The product, 
a stiff solid, has sinoo been tuied under the name of 
dytwmifs in ever intweasing quanrities. The name 
dynamite is now idso apfdied to osrtain other mix- 
tures, oontaining nitro-glyoerioe, in which the kiesel- 
guhr is refdaoed by dbarooal or other aolida The 

* By A. Bobnro, Ompt. Mtmd., M. S47 (1S47). 

■ Ba^ PS*w«, ittS (1167}. 
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shattering power of dynamite renders it* less useful 
than old-fashioned gunpowder in mines and quarries 
where the “ getting ” of the stone or mineral is the 
object in view. 

Discovered by Pelouze about 1838, gun-cotton is 
also a famous explosive ; but the difficulties attending 
its manufacture and storage at first interfered with 
its production on a large scale, while the rapidity of 
its explosion, as compared with that of the old black 
gunpowder, prevented for a long time its use for 
artillery purposes. By attention to certain details in 
th© purification of the cotton, both before and after 
its immersion in the nitric acid, the stability of the 
product is now insured ; and by mixing it with other 
nitrates, and with various combustible, but not 
explosible, substances which serve to di mi n i sh the 
rapidity of its combustion, and so damp the violence 
of its action upon the gun, explosives are now ffieely 
manufactured which are applicable to sporting as 
well as to warlike purposes. These mixtures, known 
under the names of Schultze’s powder, cordite, &c., 
are valued for their smokeless combustion. 

It is unnecessary to add further to the list of 
applications which have been mad© of the “ chemic 
art” so far as concerns compotmds of which the 
atomic jframework is composed of carbon. The 
development of the industrial production of organic 
dye-stuffs, drugs, antiseptics, explosives, illuminat- 
ing oils and gases, perfumes, artificial substitutes 
for natural india-rubber, ivoty, parchment, and many 
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othor tilings fainUinr in Hfo, prot;uc(l» with 

iiieron«i«g mpidity. iiml this pugrs ot* jtnminlH of 
fhciniHtry urc (•r*»w«lotl with the UeHi-rlption of now 
coiiipiHJMis, Tini fertility of th** inetloHls t>in|tU>yed 
.neejiiM to show that for the jire,Ht*iit the einunioiily 
aeeeptetl views of stnieiurtil <'heinistry are suftieieut, 
utui will }x'rhnps prevnil for soini’ years t»» i’onie. 
There nr»% however, intUeatiotts that hltuis «if valoney 
require eottsidorahie tutsHHeatiou, aial when that 
modification haa Iweii agWHsI ehangivs iti formtdie 
will undotihtocliy follow. 

Some earlier pngoa of thin chapter wore occupied 
with the cotiHidoratioii of the Hiujeosaivo dtacoveries 
hy which it has Ikh*ii shown that many of the 
definite cheniiea! compounds, whieh were formerly 
derived solely from organic sttnrees, have lieen 
Buccf^vely produced hy the operations of the 
chemist, independently of animal and of plattl. 
Anyone who attentively considers tho rlotails of such 
laboratory proeoasos as have twon described, must 
at once perceive that' tho chemist and tho organism 
proceed by very tlifferent ways to tho attainment of 
tho same result. Tho methods of tho laboratoiy 
commonly require the employment of strong chemical 
agents, oaustio alkalis, acids, and the like, ns well 
as a high temperature. The mtigo of temperature 
within which processes of growth, of secretion, or of 
exoreUon go on in tho plant or animal is restricted 
to a £bw de g r ees ; Mud the dbemioid changes ooour 
writhin a medium, the sap or blood, Uie oompoeition 
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of which is extremely complicated, and altogether 
unlike any reagent employed by the chemist. 
Whether it will ever be possible to discover the 
precise nature and order of the changes by which 
a plant, for example, produces sugar or starch out 
of carbonic acid and water, is a question which does 
not admit of profitable discussion in the present 
state of knowledge; but the study of the remark- 
able changes which go on in the long familiar 
process of alcoholic fermentation has led to a great 
extension of our knowledge of one class of agents 
employed in the living organism, and a brief outline 
of the successive theories which have been advanced 
in regard to the nature of the fermentive process 
itself will not be out of place. As every one knows, 
wine is made from grape-juice, beer from solution of 
malt or sugar, cider from the juice of apples, and so 
forth. It is also familiar knowledge that tide bever- 
ages which resxilt agree in containing alcohol, which 
is formed, together with carbonic acid, out of the 
elements of the sugar originally present in the liquid, 
and which after fermentation is much reduced, or 
altogether disappears. But every one does not 
know what are the conditions which are essential to 
this transformation, and what products, if any, are 
formed along with the alcohol and carbonic acid. 
Thanks to the researches of Pasteur, these condi- 
tions are now pretty well established. A solution 
of pure sugar in water may be kept without change 
for an indefinite length of time, but if to this liquid 
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is tuhlisi H iiiiiiuto Hiitoiitit Ilf II piuisphalo, togothor 
with a lilllo iiitriigi'iiniis iiuiUi'r, fvi'ii tii ilu’ inorganic 
form of an anuiioiiiuin saii, frriiii'utatioii will sot in 
nhiiost inuiiRilintcly on aihlition of a snmll i|nantity 
of yeast, or, after a longer ami variable interval of 
time, if the Hijnicl is ex|s»s«sl friH-ly to the air. If 
yeast has not lawn luiilmi. it will iicveriheicss bo 
found in the liquid ns soon ns fortnetitnlion has 
nwnifoatiy contmonood, and its prosonev has lioon 
mood to tho admission of stray yoasi colls or spores, 
which nro now known to exist along with other 
organisius, in countloes numiiors, Hoating in tho air. 
During tho pruooss tho Uiinpomturo must nut bo 
lUlowoti to fall iiolnw alsiiit 40" K.. nor to rise much 
above HO" K. 

The dostruction of tho sugar is indinatod by the 
gradual loss of swootneas by tho solution, carbon 
dioxide gaa makes ita oscapo with efforvoscence, and 
the liquid retains alcohol with a small quantity of 
amyl and other aloobols (fotuad oil) and succinic acid, 
which are always produood from tho action of the 
yeaet on the protoins preeont in small quantity in 
tho mw matwriala. A littlo glycerin is also formed, 
the source of which is uncertain. If a definite 
Mnount of yeast has been added, it will be found 
to have inonMMMd in quanUty. and the oeUs of which 
it is Qompoaed ahow under the mienroaoope the 
proe sai of multtpUcetion budding. 

to ita dlmfilaat Icnn. thi s ia the {dMoo- 
aoMMiiaxhildtod dining Uto change aweatvtgatabia 
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LIEBia’s THEORY OF FERMENTATION 

juices into wine, an art which has been practised 
from the earliest times of which tradition brings us 
an account. Notwithstanding its great antiquity, 
however, no definite knowledge concerning the 
nature of the process was secured until times well 
within the period to which this book refers, and 
although various theories were propounded at suc- 
cessive periods, from alchemical times onwards, they 
were for this very reason all beside the mark. The 
changes which have occurred within the last fifty 
years in the h37potheses relating to alcoholic fermentar- 
tion, have been brought about in consequence of 
the gradual recognition of the essential part played 
in the process by the yeast which is always present. 

Of the several theories in the field forty years 
ago, the most generally accepted was that of Liebig. 
Regarding yeast merely as a putrescent mass, he 
supposed the peculiar state of atomic motion, 
hypothetically prevailing in all substances in that 
condition, to be transmitted by contact with the 
sugar to the atoms of that compound, which, were 
thus shaken asimder so as to give rise to new 
products more stable than itself. This kinetic idea, 
not objectionable in itself, but only because it paid 
no regard to established facts, Liebig maintained in 
some form or other to the end of his life. But in 
science fact stands before authority, and notwith- 
standing the influence of the great German chemist, 
bis theory was on the point of being finally over- 
thrown at the very time -when, at the head of one 
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of hi.s i*olohrut«Mi KHirr>* tm ('hrm litfrtf ho wita 
tlot’lnriiig iho *' thcmrj’ wliirh iiurrilHiK foniioutation 
tf> fungi rofutotl." * F«»r in IHriT I’iwtour Itogan tho 
hjug Horiort of rosoniThos uii furinontation u|>oii which 
ao largo a part «»f hia grwii fumo mata. Kcvivirig 
ahnoat forgot tun ohnurvaliona of I'jigniani *lo la Tour* 
and of Schwann.* who hmt uatahliahoti tho trim nature 
of ytmat. aa a nnicoilitlttr tjrgnniani uf aplteroitlal form, 
tiivariahiy aMKtHiiuttxi with alcoholic furinuiitation. and 
tho lifo and fennontivo activity of which waa do- 
Mtroyod by boat. Paatour completely oatabliahod tho 
vitaliatic thoory of tho proeoaH. According to thia 
tloctriiiu tlto change of augar into aU>uhul and carlajiiic 
acid ia a cotiaoquuncu of the iniiltiplimtiun in tho 
HoUttion uf thucullauf the yuaat which, fur tho purpoaoa 
of ita own growth, apparently ttaoa tho augar aa ita 
food ; whtlo tho aioohol anti oarbonic acitl are to be 
r^ardod aa exorotoiy producta, tho varioua by- 
produota roaulting oithor from ohangoa in the nitro* 
genoua mattera aooompanytng tho augar or partly 
aa the roault of metaboliam in the conatituenta of the 
organiam itaelf. Here ta, then, lui example of ohomioal 
ohangea which aooompany the dovelopment of a 
apeoifio otganiam under oortain definite oonditiona 
If the orga&iem ia changed, or the oonditiona are 
ohaoged, different effbota enaua 

> FtwrUi •dittoB, laSB, L«M«r xni. 

* "MenoiM Mir la fStnaaBtaliee vtaMua." aw*. CMm. #*%■•> 88, 
•08 <1888). 

■ **T«(«Dotw ttbar d. W«lB|pUmuBC nad PIbIbIm.'* Pon> dita.. 
a, 184 (1887). 
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But the decomposition of sugar into alcohol and 
carbonic acid is not the only change which may 
be spoken of as fermentation. The lactic ferment 
is another organism more minute than yeast, and 
presenting a different rod-like form, which has the 
power of changing sugar into lactic acid. In this 
case the action soon comes to an end if the liquid 
is allowed to become acid, but this is easily prevented 
by stirring into the liquid a sufficient quantity of 
chalk, which neutralises the acid as fast as it is 
produced. A third organism is endowed with the 
specific fimction of breaking up lactic acid into 
butyric acid, carbon dioxide, and hydrogen. In this 
case a peculiarity of the process consists in the fact 
that the presence of air is unfavourable to the 
development of the organism, and is even capable 
of suspending the process of fermentation. In like 
manner it has come to be recognised that a con- 
siderable numbejr of changes, formerly supposed to 
be purely chemical, are brought about by the influ- 
ence of minute cellular organisms, some of which are 
known as haat&ria (fiojcrvipta, a stick or staff) or haaWA 
a little stick), from their cylindrical, rod- 
like, or spindle-shaped forms. 

The vitalistic theory of fermentation connects the 
fiTi Amioal changes, of which alike the materials and 
the products have in many cases long been known, 
with the existence of certain lowly forms of life. 
The presence of these organisms in contact with the 
liquid, under proper condStions, determines the de- 
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comjMtHU inn which in thnir iilwcnco ihms iml u»ko 
jilncc. 'Hiis ihiNiry wtiji jiniclirnlly iwlnhlishtMl hy ihi! 
roHtairchcK i*f I’lwinur hy the jenr lK()t,iiiui th(itt)(h 
in wane miiu*r jmrticnluint furl her knnwlir«!>*«' in very 
ih')*ir»lih'. the reengniluin nC the tuiun |>rinri|ilu hitn 
Ihm'Ii iiitcniliMl uilh «‘iiiii«cK{UunenM nt' inifMirUuiru wi 
gruiit iw Ui iw innMtiniabiu , fur hy niutuiM of thorn 
oariior diHcovuricM I’lwiuur whm lal Uj the still more 
vahmblo (Mlhulngical iiivoHtigatioiiM which hillowetl 
otHitinuuuHly down Ui tho clusc i>f his life. To my 
that pHMtetir eiTucttwIty and tinally tlisposod of tho 
diwtritio which Aftirmo*] tho t'**’*'*ibility of HpontaiiixiiiA 
gonorAtion, and that from the oi^utic theory of for* 
montation ho whh lod t4i thu " gomi Utcory " of disoHAv, 
is to rofioal what is familiar to all tho world, but 
it is not {MWAihlo in this ploco to folh>w tho ouunwi 
of tho morvullouA dtNcuvoriuM tHtnnociod with thu 
dbomiool and phyaiological ofTecia of inirm-orgiuiiAmA, 
or fermoDto, a« they may all be colloii. And refer* 
enoe U mode to thia eubjeci only in order to IomI 
book to a oeirieM of ioota which bavo gradually cwiuu 
to light oonoeming tho chemical properUea and ie< 
ootione of oertoin nitrogenoua ooiiAtituenla of auiinal 
and of vi^table tiaeuea. The oonipouudM reforred 
to are soluble b water, ore ooogulable, and in any 
one rendered inert by the appliootion of heal, oe 
well as by oonteot with etrong ohemioal ageota 
Sueh eompounde, whtob doubt4eiie oiiguiate in aomo, 
at pre s en t myiterioua. tduage in the *' protoptoam." 
CNT Uving auhetoace, are endowed with the power of 
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vil 

tranHfornting a reiativoly largo quantity of some 
othor cunqxiund into Hitit|>lor material. Thoy furo 
gonorally roforroil to as enzyrtwH, or aornotiinos leas 
uppropriatoly aa aolublo fonnontM. Thoao aubstances 
arc voiy* widely tiiffuaod in tK>th thu animal and 
vogotablo kingdoms, and many of thorn aro concornotl 
in proROHHea which havo lieon long fatniliar. Thus 
it has boon known f«ir a century or more that malt 
contains a soluble material to which the name 
diuHtoM has been given, which has the power of 
rendering starch soluble in water by converting it 
into a kind of sugar. One of the most familiar of 
onsymes is the substance oontainod in rennet, a 
fluid obtained from the stomach of the calf, which 
has the power of coagulating the casein of milk, and 
is for this purpose employed extensively in the manu- 
&oture of cheese. It has also long been known that 
sweet and bitter almonds in the dry state aro both 
without speoial odour, but that when the bitter 
almond is crushed in the presence of water, the 
charaoteristic volatile essenoo, consisting of benaal- 
dehyd, begins immediately to be formed. It was 
Idebig who discovered that the bitter almond con* 
tains a orystaliine substanoe, amygdalin, U|qH„NOi,, 
which, in contact with a peculiar soluble albuminous 
matter existing in both sweet and bitter almonds, is 
resolved by the assumption of the elements of water 
into gluooae, prussio acid, and benxaidehyd. The 
pungent oil of mustard is developed in an entirely 
similar way. In the u pepsin" »f the animal 



220 TIIK P!«)«U{KHH UI-- HCIKSTinr rilRMISTRV l» HAP. 

linin' is until Jut I'xinupU* t‘f u Htiltih!© 
«nzyiiu‘, tthit’li in fliln i>* sjn'riully miivc in 

flu* •li’j'i"ailnlitui niiil xhn|>lilu‘»ti"U t»f’ llu* 
«*iiiiij*U'X aiiutiiiiiitiMlN nt' fiiml. «'iinv«'rliit^ tlumi iiilti 
.Hfilulilt' iimliTUiN fulh**! ’• jH’jili'iuvs," uliirh jirtilwihly 
|m,v* tlireiily int«> llu’ ntiil urt’ unHittiiliilcid. 

flrout jitii’iititiH luiH lH?fu jjfivtMi nf Irtlw ymru t«» tho 
rtH'ngiiiliiin i»!' ilu'fui viizyimvH. uiiil l«i iho stuiiy «f 
tho ohiingivH whirh thoy hrittg abitiii. Tlioir re- 
tuarkiihlti lU'iiviiy in nlill it luyxU'ry. hut ihu mpuitty 
ntiil otiorjfj* Ilf thoir jtjiiH’iuI (ttlitctM iiro oft on gtronior 
I hint tho oorrtwiioiHlinK offootH proflucvit hy tliu 
rtH'tijfitilHNi ohotittml it^oitUt of tho hUiitntlitry. 

It hint iHtoii Mtaloti thiit thu |iiH'uUur fntulioit of 
thiuut ooiii{ioutittH iH ■' hyiirolylio ” , that 5.**. ihoy iiru 
Itoliovoti tt> not hy onuHing thu tuhliliou «>f iho 
oiontonUt of water to a iffuat vortuty of oonijMitmtht 
which nro then ruacilvinl inlu aitnplor tnoloculoo. 
TliiM tiocia, indued, apponr to ho tho luiuiU mode of 
aotton exorcinuil by thomi roniorkahlo and rumptox 
Hubotiuioen, Noverilioieoa Uioro in ovidontot that in 
Momo Ofuwa at any mto tho procooa in rovontthio, in 
tho oanio nonoo that no many other chotnical chotigea 
nro reveraililo, in ootiaequenoo of the ititorforing in* 
tiuenoo of the aooumulation of the produota of change. 

done auger under tho tnduenoe of an muiyme 
extrooUid from yeast yielda " invert migar," a mix* 
turn of equal numbere of moleoules of gluooee sad 
fruotose: 
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MnltoHo, which ia iaomcrio with cano sugar, splits 
untior similar conditions into two molculos of 
gluctoHo : 

it hits been diacovertHl * tiutt this process in thu 
case of maltose ia hindered by adding glucose to 
the liquid, and that when the onsymo is added to 
a strong solution of glucose some of it is converted 
into maltose. Whether a solution of maltose or 
a solution of ghtcose of the same oonoentration is 
employed, tendency is to the production of a 
state of equilibrium among the products of the 
change, so that the liquid ultimately contains 
maltose and glucose in the same proportions to 
eaoh other. 

But some of these soluble ensymos appear to be 
capable of acting in an altogether differont way, 
for it has been found by E. Buchner* that yeast cells, 
when ruptured by grinding with sand and a little 
water, yield a liquid whieh, after hltration, has the 
power of prodticing the fermentation of sug^r, 
although it appears to bo quite free horn yeast cells. 
The soluble substance, symase, so obtained is 
apparently allied to the proteins, and its {x)wor is 
destroyed by heating to about ISO® H. whereby an 
albuminous milmtance ia precipitated. It may. how> 

> A. 0. Mill. “ R«vanlblfl Zynohydrolyiib,*' Jttum, Vhrm. Sae^ 78 
(ises). p. 684; *' R«v«niibitUy of Xnayma or Korment AoUon.'* HS 
(1908), p. 878, 

• BtrMO*, 80. U7 (1887). 
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over, ovapomtwi drj*n«w iinil mlifwolvod in 
wiU<}r without «!r«trurtion of it« m'tivily. providctl 
tho ti'iiijM-rnturt' imt hvon iilhnvoil to rinc* 

t<Ki hi>;h. 

WV ilouiil thill xulwtmu’CM of iho iiiiUiro 

of oiutytiiivt im^ ^oituniUHi iiliiiiiiinntly in tho Uhhuiw 
of Imth pliitilJi itnil iittiniHl,H, and that tlio Hovratiotta 
whioh nru ao inliiiiiitoty iiawK’iatcMi with iho npora- 
tioiia of digoatiuli luicl othor ftiiirtiona of iho laaly. 
owe their MjHH'iid rhunwii’ira to iJu’ jiroaoni'o of 
iwoidiar anliaUn<*<»t of thia onirr. 'i*hnr« ia alao very 
lilth* doiiht that they are very aimiiar in romjaiai- 
tioii, in cnnatitnlion, iiiifl in I’hrniiml proja'riiw. and 
proiailily they have a ainnlar, or noarty aimiiar. 
ori)(in ; tint of thoir ditroronrua w» know prartifally 
nothing, oxcopt l»y oliaorvalion of ilu«ir diiforent 
oiTucla i atal aa to thuir origin and miHliut of nction, 
thorn van iw in lita proaont ataUi of knowtodgo 
nothing hoyond l•o^i^K•l^lro. Tliai ilioy arc alao 
ticmnoctod with tho manifoatation of diaoaM< thorn 
ia groat pruliahUity, and Jonnor'a groat diai'ovory 
and Paateur'a extonaion of the aamu prtnviplo. in- 
voiving Uie ttao of attonnatod or nioiiiliod vima to 
neutralun tho efibcU of tho morbid aocroUona in 
tho body, aro doubtlew dependent upon tho afiocial 
dietnioal effeota of ooniplox anbiganooa having the 
oburaoter of onxymoa. 

But tune we roach the borderland where (dtemiatty* 
and phynology meet Ekoh haa aomething to laam 
flrain the (rther. Hie ohendet ftnd a in the e n ay mee, 



BIOGRAPHICAL NOTES 


228 


which for the prescmt are procurable only from the 
living organism which probably no laboratory syn- 
thesis will ever replace, agents whi<*h are often indis- 
pensable in his study of the more complex carbon 
compounds. The physiologist, on the other hand, 
must acknowledge that structural chemisfciy has 
given him the clue to many otherwise inexplicable 
transformations taking place in the body ; while the 
pharmacolc^^t and the physician, who are familiar 
with the history of the scientific labours of Pasteur 
from beginning to end, will admit that tho discipline 
of the chemical laboratory is no bad preparation for 
the busing of tho scientific pathologist. 
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fuMin. In 1H5!> lui «*4iiiu» to Kii^lniti! hiuI I'Utoro*! ihv linn of 
HolnMt« iS' iMlo t»f >n wlmli W iiftor Itin^iiiio 

41 }i4irti3or. In hu lull KitKlMinl iitifl nrtiliHlitt }iiniloUH*r| 4 , 
whom ho oumiitiMl in hiithlmi^ nf»t1io Ihnlm^io Atnlttt niol 
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Ho iIumI tn IhoMtlon, IUhS«»|»l. injo. 

Tho |mrt h> iNiro in tho ilo%*olii|iinont of 

till* roai>*tat tolonr tinhiatry lait iinly Iw »ll«»r 

n^athn^ tho wlmlo ^tory *«f hn» lih*. 

(** Hoinrioli fVro/' v. A iliirnihmn. /«Vr,, lA, IIimT 

(lIMi).! 
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rmimrchiMi with It l^orliifi, mn., and with K Fraiikhind. 
Ilioil loth IfITn, 
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Oaai*QaaaaihGahMii»*Bal|Fnilaiior(fr<i«ii IHTH till raeaiitly) 
In llw Unlraraity of Ctafiava^ nbara b# iiiao aa dad Maiif nao* 
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appointed chemist in the brewery of Allsop & Sons at IJurton- 
on-Trent. 

He died sxiddenly at Bournemouth, 30th Aug- 1888. 

[**lSur Brinnerung an Peter Griess.’^ By Hofmann, Emil 
Fischer, and Caro. Ber., 24, Ref. 1007 (1891).] 

Walter Noel Hartley, Knt, F.R.S., was born in 1846. 
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He died 10th Beptember 1913. 

WxLiiiAM Henry, Itorn at Manchester, I2th Dec- 1774* 
Doctor of Medicine and manufacturer of Henry's maguoem,” 
Ac- 

Died 2nd Sept. IB36. 
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of Organic Ohaxxtistry in the University of Berlin, also 
fessor of Organic Ohemistry In the Teohnioai High Bchool, 
Charlottenbc^, 

r 
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(Ji<»ikiph I«ti«t4*r, K»rii »i iti 

5tli Ann! A tnwmWr *4 ltu» i»f Frintidii. 

At rint i’tinty In I '•Ml Iwum^ 

SnriCJ»»***» hi Kiliiihiiri:l» Umva) IntuinAry, ami in 
♦»( Snri^i’T) Ml thn At tlnn 

iinu* hv tn’i^nti Ini* w*^rk »in flip ot thv 

1*y t»i fnir^n’ty, nn*l »•»! Al»h*ln»«l t)»«y Aiiti- 

UirMtii^lMuit ihi» 

w»*fUli In iriin lVi>(«>4Mi««r u< dinicAf f^urit^rjr 

in llm rmviMfiily i»l K4iiil'»irKli» whi»rt» hi> iiU Im 

rom^ivoil in KitiitV < I^Mnnlotii in Hitritm>ii Kitlrit* 

onlinAry !♦» l^iiimii Viclom iUrtnioC Hifrgiwinl 

til Kinu KilwAril V*lt, I’rtmnlrni *»( tU«» U«»y»l 
I mm UiiiHnirnit iIm» ai»* 1 nmny 

tnni'Mtni, 

IiuhI unli Vvh ItU;^ 

mtnlimr) 4 /V<*> .‘s«< , vi»| niln 

Ai rnmi Ntttn l*»irn in itut HitnlnHl 

rln’iiiiiiiry in Hi IVUnuhnrit tiMfoiiliHl il^nmintt* »n«l 

f««tttiiUu| iiiMtiy ninlt«fA«'l-»ri»# f»| •moktfU'#* |M««rfiivr 
t»wil MH.li lh»^. I Him 
( iVtlt^nmlMrlTfi ll»ini^*r»*rf#rlfn/A, vnl, iv ) 

VhHtUVH^ htini Nt tlAk» (Jum), fW. Tin* 

iciii n( n tiitititir in litimbitr rirvuniiOiticw f*»rily ndncnioft %l 
Arb 0 il^ h*f gni4iiiitiMl 11* U m ll«NMiiiv«yo. tn 1^43 h« j{«iiivdl ml* 
mimtiott ta ihn Ntiritiiiltf* l^ri*, niiniitliug ni lh« immiiv iitnn 
tb# imHiirtM nf llnttnui Hi tbn Hnrlmiiiif. flU Altf>iiin»ti tmiriim 
bimit tlrnwn tu ibn tiudy of nryaOiliif bn firrwAimltHl Mt » nyni^tn* 
alia iimimMiiiUati nf lbc» iHrimUm m» rpbitml in l^bupO^r VII. 
In IH48 Up wna iip|H>iitl«d PmfiMimir tif Mbyttimi iii tbjiitn mi«l 
mmti iifUirw*rci» nl Htm^bmirg. In IH54 \m wpm mml*’ Ibnin «4 
%hm Fmmliy of Hoinnomi »l l#iibii iind wnp M io ibo »iti4y of ilm 
proCMNM of nbobolk lortnoniniion, cnm of ibo imltiiilrio# of Ibsi 
dbUrbii. Iloro bo iMitiibliiilMicI llto vtiidliiik ihoory, mtti Ubl 
Ibn foumbiiloti of lb« tnodortt mAwnm of bwHoHology. In |bA7 
bn wna mnnUttd lo PjMrbi an Dlrnetor of SobtiUlbi ^kodbni ni lb# 
tool# Horamla* In I86i bo ww§ il oi t o dl a nMMnliof of Adm 
Amdmkf of Monooa Ra aan r o bf vttii ImporlMl roonlia 
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rapidly followed one another ; spontaneous generation, the 
acetic fermentation, the soizring of wine and heer, the silkworm 
disease were subjects which successively engaged his attention, 
and led on to the ideiitihoation of pathogenic organisms, and 
liiter to the discovery of the eftecta of attenuated virus and 
immunisation from dise^isc. 

The PoHteur was opened in November 1888, and 

there the remains of the great discoverer rest. He died SHtli 
Bept. mm. 

[Pasteur Memorial Lecture. Percy F. Franklund. Jonrn. 
ahem. Sac., 71, 683 (1897).] 

WiiLiJAM Hknrv Pkhkin was horn in London, 12th March 
1838. Having received some instruction in chemistry at the 
City of London Bohool, he was admitted, at the early age of 
fifteen, to the Royal College of Chemistry under Hofmann. 
He was stwn occupied with research, and while engaged on an 
attempt to synthesise quinine, obtained the first artificial d}’e 

mauve ” or aniline purple. Ten years later ho was an inde- 
pendent discoverer of a process, practicable on a large scale, 
for the pn)duction of alis'^rin indiq)andently of the plant. 
TIiu later yeai^s of his life were <levt)ted to a systematic invim- 
tigation of the relation between the composition of oomptninds 
of all kinds and their magnetic circular polarisatit>n. Hnt 
Perkin accomplished a large amount of work in other direc- 
tions, including tlie synthesis of glycerine, cinimarin, and 
tartaric acid. 

He died on I4th dtily 11H>7. 

[Obituary notice by R. Meidola. Jautn. TAna. Stw,, 93, 2214 

(lyuH).] 

JoBKi'H Loi?iH Proust, liorn at Angers 1755. Became Ohief 
Apothecary at the BalpStrihre Hospital in Paris. Afterwanla 
Pri>fes8tir of Chemistry at the Artillery Hchi>ol in Madrid 
till he retired. Concerning his most impi>rtant work see 
Hkhthollict, Chap. I, p. 17. 

He died at his native town, 5th July I8SB. 

[Poggendorlfs HandwMerbueh.] 

Oahi. BcHORLamiieR, bom at ICMnnstadt in IS34. He was 
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mltumtiHi Hi l>iirniiitH<U. •ii«l hmiI K«t}>p hI 

lit IH5H h0 HH HtHiHiiwti m 

Mhu* ll«* rf»iitHiii<^l hh » himI 

ttUtttiAfrIy HH M< in ihoV nif.riH 

riiivi^rmiy 

Hn iIuhI til .tnfiM 

ft)|jUiiHry by A Hurflvn S^w . ri3. ViU i**!!,! ] 

TlIKniHiH Imrti fib l^*r |h|o M It IWIiti |h34, 

ii«riiriliH{ I Ilf* IMI«4 hI <»f lh«* 

}H|A rrtilMMMif Hi t«imiriit»t, «ml fill#r«iHrfl4i Hi iWbtmtit 

litmi tUh ^Hti. )hh^. 

MaAWKU. firiMi bivrn hI tkwh Milb ArtnH|th< 

truUml, on l^»iti MhivIi |h|A IlHirini^ |<i 

ptiritttw chtntiUiry* ho slioinlwl hn»l IhimiMi* |«i«|iinwi in I Win. 
iind iiJifiriiiriirtlH workiHl (or tiro y«wifii in lirnJMiin‘H Ul«*»ml«iry 
Hi rnivnmily ll» Ihoii hwflHmo l^wrlwr**? m t*h«>twi*iry 

Ht H ftttfdicHii hi Itnhlifi, iinil l«« i|niihly lor ihi# iHMiiliott 

Ittnk thu d^Kiw of MJI. Thin fionit Inoir^irvr, h« rnhiif|iitHlMM| 
in ordnf ktnonlinn^ hin nlndy of rhomiHlry, nhirh hn look n|» 
HKfiiti tindor fltinnon hI IfoitlolhMrg iintl uininr Kolho h| Mur* 
hm$i* In IH57 h« wnrkpd for iwo pmrn wiih Wuriit In 
unit Ihnti » 0 Uh»«i In l>nhlltt imil m% tifi m |niirHi« lnUvrnUyry, 
tn Wi h« hwmnni l*rc»l«Mor of ithwiiiiHiry in Qttpon « Coltngo^ 
Chirks mtil Ihii hci mlnlnncl lill hlit mlln^ninnl in Imit. 

li« clUid in IjiHiilofi, Unili IfHig* 

[Ohilttnry A* Honinr. lArm. Sw,, nf, g3t 

(I9CM).1 

Orrt> Ntnai^Aun Wirr^ IWnunor in ihn 

TwtbnkMil High Hnbnnl, C^li»ll«iiihiifg« HnHlin 
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CHAPTER VII 

THE ORIGIN OF STEREO-CHEMIRTRV — CONSTI- 
TUTIONAL FOBMUr^: IN SPACE 

When a ray of light passes through a crystal of 
Icoland spar it exhibits the familiar phenomenon 
of double refraction; that is to say, the ray in 
entering the crystal divides into two rays, which 
emerging separately, give rise to two distinct images. 
Those two rays are fH^rwed at right angles to each 
other. Light may also bo polarised by rofloction; 
in that case, one half the light is reflected, the other 
half passes into the reflecting surface, and is either 
stopped and ceases to produce the effect of light, 
or it is transmitted. 

The tliscovory, however, which in connection with 
the subject about to be discussed possesses the 
greatest interest, was made early in the nineteenth 
century by the French physicist Biot. He found 
that a ray of light polarised in one plane has that 
plane twisted to the right or to the left in passing 
through certain substances of organic origin, such 
as sugar, camphor, and oil of turpentine when In the 
liquid state. He also observed that the angle of 
rotation of the plane of polarisation differa in dtf- 



•j;5U niK OK siJKNTIKtr •IIIMISTB\ tniAi 

iVrcjil II •(■)*, iiiiil in liiri'i'il) jirii|nrliiiiiiil In 

I hi* lliirkiirs'i «>t' tin' liiMT nl iraiiHjKiri'nf Hul»H|«jiri' 
fhrnujih whirh ihi' nn jwihim's, 

Xi»w Ihrri' jUi' fttit i’ln.H*H«s nf iiintirtiilH whii'h 
hiivi' llu' jmWrr Ilf rnlnlilijjt flit' jHilurin'il rwy. 

C Vjl^tjlllilll' snliilfi, Nlli’h IWI quiirt/ nr fmiUuill I'hlnniU', 
ri’jin'wtil olH' I’liiHH, mill ihr milii'iil jwiwiir whirh ihi’V 
{MiHHi'Hii ill ihi’ soliil iWiUj ill hwl whrn ihrv iifn 
lii{iii7fHMl by fiiHtnii ur Hnliilimi in a mih'i'til. In 
Hurh cnucwi it wmihl iijuicnr that Uio ujrtiral nrlivily 
«»f iho iirywlala is nllribulabhi In a pfiruliiirity in ihr 
anrHiigamcnt of ihnir ihhUh'iiIoh «no iijion nnoilirr. 
nnil not Ui iiny want of Hvmnn’lty in ihr inii'ninl 
riiiiMtiltiliiin »f lln* nuilw'uh’a ihi'itnM’lviist, Thr nllw’r 

rlfUiH ItU’htiUia ihfiHU Hutmtmirva nlnKuh mruliniiril. 
whii’h uxhihil llinir i‘hiimrU'rialir iiroiH’rtirm in I bn 
liHiliil Mini*', In anrh rnaiw il in fair In ilifi’r flml 
iho mTnngriiH’ni cif th« inolvruhqt hoa niithing In 
flo with tlin {ihrmnnioiiutt, which niiml Ini ihin to ii 
|MxniUmrity inhoront in imch ntohn'iili'. 

t ’ninmun tartaric acrid, abtaiiiwl fnitii ihu " tartar '* 
doiioiiitod in tho fomicntation of winr, when iliN« 
aolvod ill water rutataa the {JulariMMi ray vi'iy 
Hiron)(ly to tho right. lu aalta have tho mino 
property in difforont degrooa. Hut tho tartar got 
from grapoa grown in oortatn diatricui (il waa origin> 
ally obaenrod in tartar frtim tho Voagoa) yiolda an acid 
odUed raoemio aeid, which, while i^greeing with tartaric 
acid in oompomtion and in genenU chemical (wo* 
pttrUea, dtSera frtim it in bring optically inaetiim, for 
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a ray of polarised light passes through a solution of 
the acid, or of one of its salts, unaltered. Racemic 
acid, however, has been shown to consist of a mix- 
ture of two kinds of tartaric acid in equal quantities, 
and having equal but opposite effects on the polarised 
ray. Further, the property of rotating a polarised 
ray to the right or to the loft is associated in crystal- 
lisable substances with a peculiarity of crystalline 
habit, in consequence of which they produce crystals, 
the fundamental form of which is modified by the 
development of small faces on one side or other of 
the crystals. When the sodium ammonium racem- 
ate is dissolved in water, and the solution is con- 
centrated so os to deposit crystals, these ciystals are 
found to bo of two kinds, distinguished from each 
other by the position of the homihodral faces re- 
ferred to; some having these faces disposotl on 
one side of the prism, and some — an equal number 
— on the opposite side, so that the two forms 
differ from each other only as an object differs 
from its image in a mirror, or as the right hand 
from the loft. Consequently, such forms aro not 
in any position suporposablo on ono another. On 
separating those crystals, some will l>o found to agree 
with the crystals formed under similar circumstances 
from common taxtario acid, and like those, to turn 
the plane of polarisation to the right. Tire others 
having similar faces, but on the other side uf tho 
crystal, turn the plane of polarisation to tho loft, 
and the acid recovered &o«n these crystals presents 



IIIK I'HlHIHKftM »iK M lKN'tlHi- I IIKMIHTBY 

H tJirUiru' iwiil, 

Iwiiig rjjlhil tit.itfit m ill, ihi' >'<'im>l''Uii'HU*ry 

fiiiu|»i»nml in I'Jilli’*! /«n •♦-fariori* mill, inixiil l»i» 
j^ollu’r in ijuiuiljlio)* llii’y rr}»r«nhji-i< ratt'itiir 

hi'hI. Miuiy Hiiiiiliir arv hkh kitmAii 

Till' iljHriivi'ry III i*U flii'j**’ ini|xiriiiiil IiwIsH im »liHi Ui 

i’aHti'ur Hilt it)); Inh'H iiitnu’liHl iti i» vi-ry i*«rly aKP 
t4i lt»> Hlwily III i'ryHt4iUii>;ra|ihy. hn wna liil l« r«|Kial 
alt oxaiititiiitiiiii I'f tartarir arid anti tlir tartmuw, 
{inbliahuil l»y IH* In l*riivi»lay» many ynarn |>n'viiitta|y. 
Ill iho liral Ilf a arriwt nf niPtnnin*, in whirl) hn 
dwHrrilwa hia nliMirvnliiiiia and «<x{N'rii)ii'nta i>ti ihu 
rtilaiiona Htilwiaiin); laiiwwi*n riyaiallino furin. rhwinirid 
eutnptiHitiiiit, and dimlinn uf ntialury |a>Inriaatiun, 
hn fiiutid ihnl whilu tiimmun tartarir w'id ami alt 
llio unttimnn tartmira oxhihit hatnihiiiiml forma in 
ihoir cryataia, and that, llw hrmihutiriant in alwaya 
Ilf iba aama kind, in paratartarir (rncxmiir) acid and 
ita aalta hemiiivdral forma candd not bo ilrioctoii. 
In tbo oxaniinatinn nf ihcao cnmpuiimia l)u mmio 
the capital diaonvery alroatly ruferrod to. It will bo 
Wurth wliilo tti 4 ttuto liia own woitla, writtvn in 1 h 4M; 
"lairsqiio j'eua dteuuvert I'bi^ini^ria do tmta loa 
tartratoa jo me bAbu d'^tudior nveo auin lo para* 
tarirato double de aoudo et d'ammnnUujiU} ; main jo 
via quo loa f aoe t tea U’linUklritiuea ourroapondaot h 
oelleadea burirmtea iaomurphoa. Abueni plaodoa robi> 
fcivemwDl aux fiMM prinotpalea du oriidal. tantdi 4 
dtotle, tM)t6t 4 gmuobe, sur lea dUE&rwoiU cniimuix 
quo j'avaia obUtnua. ProiongAoa reapeoitvoment oea 
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iacettes clonnaient les deux t4tra6dres sym4triques 
dont nous parlions pr4c6dominent. Je s4parai avee 
Hoin les cristaux hdmiMros h droite, les cristaux 
h^mivdres k gauche ; j’obsorvai aepar4ment leurs dis- 
solutions dans I’appareil de polarisation d© M- Biot, 
ot jo vis, aveo surprise et bonheur que los cristaux 
hdmiiidres k gauche d4viaient gauche le plan de 
polarisation. . . . Los deux ospftcos de cristaux sont 
isomorphes et isomorphes avec 1© tartrate corre- 
spondant; mais I'isomorphisme se pr48ento IJi avec 
une particularity jusqu’ici sans oxemplo ; c*est I’iso- 
morphism de deux cristaux dissymdtriques qui so 
regardont dans un miroir.’’* 

Pasteur was, of course, not content to let his 
investigations stop hero. He procotKiod to investigate 
the question whether the connection between rota- 
tory polarisation and hemihodral crystallisation are 
in all cases connected together; in fact, whether 
from observation of the one property the other may 
always be proilicted. These inquiries led him to 
the experimental study of a number of substances 
other than the tartaric acids, among the rest the 
important vegetable principle asparagine, which is 
obtainable from the juice of a number of plants, 
such as asparagus, marshmallow, and various species 
of Icguminosie, especially, as shown by Pasteur, the 
juice of vetches blanch^ by exclusion of daylight. 
Having assured himself of the hemthedrism of the 
crystals of asparagine, Pasteur proceeded to examine 
< Ann. C'Aim.. 8rd 24. 486 (I84S) 



rHK uK w'lKNllHr rHr.JH.slKV 

>lii> iH'liMji III' <1 of iliiH mi ihe 

my. anil fmniil llmf hIh'Ii ilifwmlviHl in 
wiifi’r nr iilkalii if tlrviiiit s thr jiliin«’ nf |mli»riH<itimi 
fti till* li’fl. Af tliii linii' Miily mu* kiml «<f it.H|>amgini' 
wuH knmvn. Iml mi rmitiiii'tii l’ii.Hii*nr in hif* 

iH'iu'f in fill’ mrm’ini’KH •*( ihr jirinrijilivi iliHluml 
frmn liin uliHurvni imis mi liirlarii' in'iil. lh»l In* «IU 1 
iiiil honitiiU) In jm’ilifi fhu ilimtiverv «»f « I'onijilo- 
tiioutary doxlrn-mtiitnry f»rin. Hiirh that itelwcHin 
ihtMo two kinilH of iiA|mri4;itio tho mmu rointimi 
wmtkl Iw fotmii l« oxi»i in* iH'iwofii ri^hi* »nil Infl- 
IwntliHl tArtitrin ttoiit* |)tf*ir«-r«»t«ii»ry lunl inurUvo 
nnfminigino hnvo. in furl. Ihhui niiiro iliwuvorwl. In 
tho I'xnnnimiimt of ono of iho fnrnw»ii»*. ilm i«(rotitinm 
null, ho nnoounloroil it ilifToroiU iihi'iimnonmi In 
thix oumi, whilo the oryHiiilx oxhihil honiihotimni, tho 
two np^KMite fnnnH ttrv Alwnyn Minnilumoouftly pro* 
(iiictxl ; luul whon tho nyxiwU «ro Hopnmtoci. noiUtor 
tho right'hnnd nor tho tu(V>hiUui fortn litMxnlvoti in 
wiitor oxhihiui nny routory powor. Murotivor, while 
itio doxLro'tArtmto or hovo-tiurimto, whon rocryx* 
talUiKHi, novor yioUl cryntalii of tho oppuNtto form, 
tho fomutto, whether doxtro or hovo. wlwHyx givox 
M mixluro of both kindu of oryxbd.* TIio oxplann- 
iton of tho difliironoo botweon thoao two mum wiui 
xuppUod by Pimteur hinuolf. Mo luiyx,* * Lm Ikiu 
prdoMmU oonduixent h ouppooer quo I'h^ii^lrio du 
forraiftte do xtronUAne no ttent p«« k I'lurTwngoniont 

* ilMi. Okim,, Xrd li. 7t(tXftl). 

* im. tk., !•. too. * Lm. p. 101. 
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lies atomos dans la niol^culo chimiquo, mais & 
rairangemomt doa molecules physiques dans le cristal 
total, do tello mani^ro que la structure eristallino 
uno fois disparue dans I’acte do la dissolution il 
n'y a plus do diasynx4trie ; k peu pr6a comm© si Ton 
construisait un Edifice ayant la forme ext^rioure 
d’un poly^dre qui offnrait VMmUd/rie no'n, swperpoa- 
aJite et quo Ton d4truirait ensuite.” 

It appears, then, that if a substance in the liquid 
form possesses the power of rotating the polar- 
ised ray, it will produce in crystallising hemi- 
hedral forms* which are not superposable, and 
which have the mutual relation of an object and 
its image as seen in a mirror. On the other hand, 
optical activity cannot bo Inferred for the liquid 
state from the existence of homihodral crystalline 
forms. 

The first to perceive tho connection between all 
these phenomena and tho question as to tho internal 
structure of molecules possessing such pocnliarlties 
was Pasteur himself; and so far back as 1H63 he 
was able to anticipate to some extent the views 
accepted later by all chemists. If in two substances 
composed of tho satno elements, unitod in tho same 
proportions, ami having the same chemical pro- 
perties, we can perceive only tho two difibrenoim 

^ !n mmn ot thime thu humlhadrAl form only makrii itK 

npiMaiMrttnoo wlion » particuliur oondltlun in ostablished in the »olu* 
tion. Thtin Fiuitfiur hlmut^lf whowed thmt oeloium bicnelete oryural* 
in hemlhi^dimt forms from nitrio sold but not from 
Ann. Chimi., Htd series, m. 487 (IBM). 



L';Ui TIIK I'KiHJHKiiS OK HCIKNTIKH,* CHKMISTKV iriui*. 

idn'mJy ilowrUnxl O-r. ilimitnii of r«iUtion niul 
lir'iniluHlnil rrystaUisotiolij. nml in o»»oy only 

ono of flirio. muiioly. fho optiial lU'tivily, wo nr«i 
•Irivoii to iho rnui htMion that lltrir jUH'uHdrilir-H MltHl 
Ih' nimu'i’ttHl with Homo jHH'iiHarily of iHinHtrin tioo 
in tho nioltH'ulo. Tho HtoinH o«im{ioHing ilio tnolo- 
tntlu in olio of thoao oonijiounilH noiHt Ihj ArningiHi 
in wnno wny wliioli in rviMvitiHi in tho othor, hul 
i» invmtr mi ihnt iho two w-otihl Iw n’lnUnl in 

tho mtnio way hm an ohjiH'l ami ita iinago in a mirror. 
’■ Aro tho atonia of tho iloxlfo-ni’iil groina’il on iho 
N|)intl)« of II riKht-hamioil hrlix. or ploi’iHl at tho 
aoliil aiiKloa of an irri*gnhir tolnihoilroii. or «}ia|xiaoit 
omirilinx to mnno janiionhir aayinniftrii* iirraiijji'- 
inoiit?" If ih'xlno or In'Vioiarlarir aehl ia coni' 
hinwl with mmio aiiliHUinfc, aiirh oa |aitaah. aninionia, 
aniline, which ia inactive, ami hence itevniit of 
iiaymmotiy’. tho inactive aiitmtaiice aflV’cta to the 
aaino extent tho activity of Ixith varietioa of the 
ncitl ; hut if tho two aciila are comhinwl with an 
aotivo aubatanoo, auch aa the alkalohl cinchonine. 
FaaUnir fuuml that a pair of oonifNiumla reaulta 
which tUiror in form, in aohihility, and in other pro« 
periioa. While in the one oaae the rotatory puwor 
ia tho aum of tho rotatory powora of the acitl and 
the haao, in tho other oaao tlio rotatory power of the 
oompound ta the difference between the two. On 
iheee fimta Paatour baaed a method which haa boon 
Btaoe freely amidoyed for the eeparation of tho eon- 
etittiente of raoenioid oompouuda. If racemic acid. 
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for example, be saturated with the active base cin- 
ohonicino, the first crystals obtained from the solution 
consist of pure einchonicino linvo-tartrato, while the 
whole of the dextro-tartrato remains in the mother 
liquor, and can afterwards bo obtained in fbrins 
tlistinct from those of the laivo-tartrato. 

The ideas put forth quite clearly, but in general 
terms, by Pasteur wore long afterwards developed 
into a definite theory of structure, which forms the 
foundation of that large department or aspect of our 
science which is called Stereo-oftemittiry, or chemistry 
in space of throe dimensions. 

But while the merit of creating the basis of this 
system of ideas, by providing the facts and showing 
clearly^ the direction in which further investigation 
should travel, belongs to Pasteur, it is only just to 
recall the fact that the necessity for a theory of the 
kind was perceived long before Pasteur’s researches 
gave the clue which led ultimately to the conception 
of the doctrine of symmetry and asymmetry in 
carbon compounds. 

Tho fundamental idea of stereo-chemistry arises 
immediately out of the doctrine of atoma Dalton 
himself and others of hb time, promoters of the 
atomic system, were let! to consider, though without 
giving the subject much attention, tho question of 
tho arrangement which united atoms must occupy 
in space. Dalton’s diagrams (Chemical PhUos^yphy, 
Part 1) represent ail the atoms lying In one plane, 
but the question was raised voiy definitely by 
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lliroo lUinoitsiotiM of nojiil oxtonsion.' Hut aftor 
giving loitno oxan»|»lr« nf |iow«il>|o amntgoiiionia. ho 
goos on |o Miiy llml im lliis goonirtrii'al Hfratigi'tiioiil 
of ilio |iriiiinry olotHontH of manor is wliogoihi’r lutijw* 
lural, ii iniisi n»ly for iit* I'ontirnuiiion or rojiaiion 
ujxin fiiiitro itit|uiry. atul ho uihU, •• It m |a’rhHtw 
Ian ttitit'h l« ho|a! thnl iho goomolriral arrangoinont 
of primary' (mriii'luii will over Iw |iorfori|y kimwii," 
Loopohl finioliii Mwnm to have Ikmui tiioro in* 
oliniKl to Iw hopofut, for in 1k4<h wo ntul in hm 
groal UnwUHHtk uf Orgnmir CAomwfry (vol. i., 
G*v*fwii*A. Hucifitji /'u/ifmiltoiM) ; "SuggOHtiotm ro< 
KpoQting tlio HoUtivo PoMiion of iho ICIvmoutary 
Atom* in a Compound Organic Atom, axauming the 
truth of the Nuoleua ’nioory.** ” Nearly all cbomiKtit,** 
ho iiAyii, "atlopt tho Atomic Theory. They deter* 
mine the relative weigbut of the atoma, and their 

* -On as|MHaoid nad Bntaekl tell*.'* bjr WlUlaw Hyte Wolta*. 

toe (PkU. tVurn^ W (ISM), (ip. M-IOtt Rrarinind tjr AlMabto 
OInb. Nn. B. 
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relative distances one from the other, or the relative 
s{>ace occupied by each atom of the combined 
aulwtances, including the surrounding calorific en- 
velope; hypotheses are also made respecting the 
form of the atoms, &c. Why, then, should we not 
likewise throw out suggestions with regard to their 
relative positions?” This he proceeds to do, and 
with the aid of certain ^ priori principles, he arrives 
at the conclusion that potassium sulphate, for ex- 
ample, must have the form of a double four-sided 
pyramid, that ethylene has probably the form of a 
cube, alcohol and acetic acid other forms. All 
these forms, however, require the assumption of a 
certain number of atoms in each molecule which 
would bo dependent ui)on the atomic weights as- 
signed to each. As these have in many cases boon 
changed since Gmolin’s time, his assumptions neces- 
sarily fall to the ground ; but the arguments employed 
are interesting, as affording an example of an early 
and serious attempt to attack problems of this kind. 
At the conclusion of the discussion ho continues as 
follows : ** Even if the data of this investigation are 
defective or orronoous, I am yot convinced that all 
theories on the constitution of organic compounds, 
and all controversies as to this or that mode of 
writing rational formuho, if not supported by a 
plausible arrangement of the compound atom, will 
aid us but little in the acquisition of correct ideas. 
Itook, for Instance, at the con^veray respecting the 
constitution of ether and edcohol between Dumas 
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oxiilo of I’lhyl olhiT, and ihi-* uiih iho addition 
of I At. wat«*r forni.** iho !i\»lrai«*»l oxido of olhyi 

nionhol t A»|. Now. on rontiwring ihoso 
viowM with Lhu oxptanatioii jgivon. it Mpiwara iinthahlo 
that neither of thorn in right. At all ovontn, noithor 
other nor ali^ihoj mn Imj aupiMatod i« ('ontain water 
foatiy formotl. They are not hytlraUw , if «•», they 
would aimdy give mi ihia water to hurnt lime or 
iHir>‘ta, whieh, howevi*r, ia not the ea«e. Neither ia 
other t!«mverl«**l into aleoh«*l hy aiiluiion in water. 
On the other hand, ethyl ia a fti'titiotta eotniaiutifl, 
au{){Niao(i to eoinhine like a metAl with oxygon luid 
with rhloritio, forming eoni|ionnda analf'gutia to the 
metcdlio oxidoa and ehloridea. Thua hydrochtorie 
ether ia rrganicMi aa 
chUmdo of ethyl ; but it liooa not }iruci|ittate atlvor 
aolutiona, Aio." 

Long alVerwonla. in 1HT2, the atttdy of the 
laetio itcida led Wtalioentia again to fiereeivo that 
the then extattng ooneeptiona of atoma and their 
union together were inaufHcient to explain the 
fixota, and to auggext that they might he aootiunted 
for ‘‘duroh vorMohiedono Lag^ng ihrer Atomo im 
Baunux’*' But there the matter reetod till the 

• ilwa. CMm., I««. • i l«7. Wt. S4«. 



V «3 VAN’T BOFF AND LE BEL 241 

theoiy of Van’t Hoff and Le Bel was enunciated two 
years later.^ What Van’t Hoff and Le Bel dis- 
covered was the remarkable fact that, in carbon 
compounds which exhibit the property of rotating 
the polarised ray in either direction, the molecule 
in every case contains at least one atom of carbon 
combined in fotir different ways; that is, having 
its four units of valency occupied with radicles 
of different composition, and therefore usually of 
different combining weights. Thus in succinic acid, 
an example of an optically inactive compouxid, there 
are four atoms of carbon, the affinities of which are 
disposed of according to the order displayed in the 
following diagram : 


SUCCIKIO Acii>. 

<) H H O 
Hi I I) 

H-_ 0 — O — C— O—O— O— H 
I I 
H H 

In chloro-succinic acid, wo have a compound in 
which the carbon atoms are linked together in the 
same order, but one of them has exchanged an atom 
of hydrogen for an atom of chlorine ; 


* Voor$Utl ioi uU^reiding der Hrue^uur/tmntilr* in de ruimtCt |iam- 
pblet published by J, H. Vao't Sept* 1874 : republished under 
the title S'ur leM /ormuir* dc Hructur^ dam Ar<ihitr$ Neer* 

land^ 9, 1874, pp. 445-4M ; JBuUeiin Soc» FAris« 2S, 1B75* pp* 

29fi*-aOK 

Sur Ua rdaiiom gui emistmi tnire Um formtdeu atmniquu dtM <iorp» 
el Itt pouv<^ ds Imrit dimotuHom* By J« A* l*e 

Bel, Bulletin 800 . Ohim., Paris* 22« lB74,pp* 3S7*-a47. 

Q 
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Chloro-stjccinic Acid. 

O H Cl O 
11 I I II 

H— O— O— O— C— O— O— H 
I I 
H H 

In this moloule, then, one atom of carbon is attached 
to four different atoms or groups, for it is united to 
(1) H, (2) (Cl), (3) CH.^, and (4) CO.O. This com- 
pound is known in two optically active forms, which 
show the same kind of relation to each other which 
has already been observed in the case of tartaric 
acid. 

Tartaric acid itself contains two atoms of carbon 
in the same kind of condition, each united with 
(1) H. (2) OH, (3) CHj, and (4) CO.O. To explain 
the effect of this upon the optical properties of the 
compound, a further hypothesis is required. In all 
the early speculations regarding the nature of atoms, 
it seems to have been Jissumed, as it wjuj l)y Dalton 
and Wollaston, that the “virtual extent” of each 
atom is spherical. Since that day several other 
hypotheses have been suggo.stod concerning the 
nature of the atom, of which one of the moat im- 
portant was Lord Kelvin’s notion of vorticea ; and it 
will be obvious to every one who considers the sub- 
ject, that our views of the process of chemical 
combination must bo seriously affected by the idoji 
in the mind of the form and nature of the atoms 
supposed to be in the act. of union. 
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The idea BThich has proved most fertile is one 
which appeared for the first time in a paper by 
Kekul4 in 1867.^ At that time he was still engaged 
in the elaboration of the great doctrine of the link- 
ing of atoms, of which, as already shown (Chap. V), 
we owe the chief development to his insight. And the 
use of models, as well as of “graphic” formulae, was 
beginning to be freely practised by the more ad- 
vanced chemists. At the end of a paper on the con- 
stitution of mesitylene, in a kind of supplementary 
note, Kekule pointed out that the models then most 
in favour, consisting of spherical balls joined together 
by rods, were no better than diagrams, since it was 
impossible to display combination between two atoms 
by more than one unit of valency; and, moreover, 
everything was represented as lying in the same 
plane. But by using a sphere to represent the’ atom 
of carbon, and four rods to represent its four affinities, 
placed in the (directions of four hexhedraZ oases &ndvng 
in the f<xces of a tetrahedaron, these difficulties could 
be got over, and two such models placed together 
could be used to represent union by one, two, or 
three units. Yan’t Hoff adopted and has pursued 
with most brilliant success the consequences of this 
remarkable idea.® 

1 ZfUsehHftf. Ohem. (1867), N.F. iii. 217. 

* For details concerning the verification of the theory, and the 
removal of difficulties in its Yray, arising chiefly out of erroneous 
observations, see Van‘t Hoffi's Dix Armies da>ns Vhistoire d*une Thiorie, 
of which an English edition has been prepared by Mr. J, E. Marsh, 
Clarendon Press. 
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An atom of carbon, then, is generally believed to be 
capable of combining with/ow other atoms and no 
more, and is therefore said to be tetrad or quadri- 
valent. The carbon atom is supposed by this 
hypothesis to be accessible only in four different 
directions, which are representable by the four 
straight lines which may be drawn from the centre 
of a regular tetrahedron to its solid angles. The 
centre of mass of the carbon atom is supposed to be 
situated at the intersection of these lines, or at the 
centre of the figure. A model to represent such an 
arrangement could bo easily made by moans of a 
ball of wood and four wires of equal length. If two 
such models be constructed, and the wires marked 
by tipping them with beads of different colours, or 
in some other way, it can easily bo shown that two 
distinct arrangements become possible. In the f<d- 
lowing figures the letters a, 6, o, d represent the 
atoms, all different, which we may imagine to bo 
united, as in chloro-succinic acid, to the same atom 
of carbon : 



A consideration of these figures will show that the 
one is not superposable upon the other m> that the 
same letters come together. Any change in the 
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plane of polarisation produced by one of these struc- 
tures would be also produced, but in the inverse 
sense, by the other structure. The exact mechanism 
of this process cannot at present be described, be- 
cause we have no more positive knowledge as to the 
internal constitution of a molecule than we have of 
the atoms CQmposing it. Pasteur, as already stated, 
frequently used the analogy of a spiral with a twist 
to the right or to the left, according as the mole- 
cule possessed dextro- or Isevo-rotatory powers. 

The use of models assists materially in the con- 
sideration of the problems arising out of this hypo- 
thesis. One of the first questions which arise relates 
to the direction in which the several valencies of an 
atom of carbon may be supposed to be exerted. If 
the direction of these be supposed to be absolutely 
fixed, then it can be shown that (1) two carbon 
atoms cannot unite by two bonds, nor by three, 
because that would involve the distortion of the 
atom; and (2) three or more carbon atoms cannot 
unite to form a ring, for the same reason. 

Hence it seems that if the direction of the attrac- 
tions of carbon for other atoms can be determined 
at all, the line of attraction must be rather easily 
displaceable from the normal, or it operates some- 
what like the pole of a magnet, that is, there is a 
certain yieZcJ. The analogy between the attractions 
of two atoms for each other, and the attraction 
exercised between the opposite poles of two magnets, 
or between a magnet and a piece of iron, may in 
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fact be considered as extending even further. For 
just as the presence of a mass of iron in the neigh- 
bourhood of a magnetic pole seems to absorb the 
lines of magnetic induction and so reduce the action 
of the magnet upon other bodies placed near, so 
the addition of one element to another in chemical 
union diminishes the tendency of either to combine 
with a third element, but does not, in the majority 
of cases, absolutely extinguish this tendency. Hence 
wo have what has been called “residual valbncy/’ 
which, whatever may be the fate of the various 
hypotheses concerning it, gives rise to very well 
marked phenomena of combination. It is, however, 
usually believed that two carbon atoms may actu- 
ally bo united by two or 1 x 101*6 units of valency, but 
that in all such cases the combination is not only 
not more secure, but is decidedly more easily broken 
up than where one bond only of each is employed. 
To account for this difference, so contrary to what 
might be at first sight expected, two chief hypotheses 
have been proposed. The first, which originated 
with Von Baeyer,^ is based upon the .same hypo- 
thesis with regard to the carbon atom as that of 
Le Bel and Van’t Hoff. If the valencies of the 
carbon atom act along the lines drawn from the 
centre to the solid angles of the regular tetrahedron, 
these lines form with each other angles of 109® 28'. 
If two carbon atoms are so situated towaxds each 
other that two valencies of each are united to- 

» JBtr.,A8, 2277. 
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gether so that the directions of the two are 
parallel to each other, each is turned out of its 
normal position by an angle of 64° 44' ; and if two 
carbon atoms are similarly joined by three imits of 
valency, each of these must deviate 70° 32 ' from its 
normal position. It is known that combination by 
double or triple bonds is easily converted into union 
by single bonds in all cases of this kind. Such 
substances as acetylene and ethylene are saturated 
with great readiness, not only by bromine, but by 
hydracids, and even by iodine, and the tension is 
thus relieved. 

OHg OHaH CHaBr 

OHg AngBr AfllaBr 

Ethylene. Ethyl bromide. Ethylene bromide, &c. 


V. Baeyer also pointed out that in the formation 
of rings of carbon atoms the distortion of the atoms 
diminishes as the number of carbon atoms increases 
up to five. In a ring of six carbon atoms imited by 
single bonds the distortion is a little greater. The 
following angles represent the extent to which the 
direction of each valency is disturbed: 


CH 



OH,— OHo 


OHa 


iCBQj 


OHa OHa OH3— OHg 
9 ° 34 ' 


OHg OHg 
0 “ 44 ' 


OHg 

OHg 


lOHg 

OHg 


+ 5 - 16 ' 


24 “ 44 ' 
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The other hypothesis, proposed by Wunderlich,^ 
is based upon the idea that the relative foi*ce of 
attraction between the two units of valency depends 
upon the relative distances through which they 
have to act. Briefly, the hypothesis is somewhat 
as follows. The carbon atom is a sphere from which 
four equal symmetrically placed segments have been 
removed, and the circular iaces thus formed are 
situated in the planes of the four faces of a regular 
tetrahedron. When combination takes place between 
two carbon atoms the most intimate union is that 
in which two of these faces are placed parallel to, 
and probably very near, each other (see Fig. a). A 
less intimate union occurs when the centres of gravity 
of two faces of one atom attracts two faces of 
another (see Fig. b). The two tetrahedra have then 
a common edge, the two pairs of faces forming equal 
angles with each other. And, lastly, three faces of 
one may attract equally three faces of the other, and 
so cause the two tetrahedra. to be applied to each 
other by one of their solid angles (see Fig. c). These 
three positions correspond to combination by single, 
double, and triple bonds. 


Oor^/lgurtaion Orgcmitoher MoUkUle, WiirtsEburg, 1886. Abstimot 
In B«r., xix. 692o. * 
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According to tMs assumption it is only possible 
for the atoms to touch each other when united by 
the single bond, as shown at a. 

When two asymmetric carbon atoms are united 
together the number of possible isomeric forms is 
greater. Tartaric acid is a ease of this kind. Four 
isomeric acids of the same composition are known, 
namely : dextro-tartaric acid, Isevo-tartaric, meso- 
tartaric, and racemic acids. Racemic acid is known 
by the researches of Pasteur, made forty years ago, 
to consist of a mixture or molecular compound of 
dextro- and Isevo-tartaric acids. These two latter 
are supposed to he related to each other in the 
manner indicated in the following formulae : 



which may be more briefly written : 

r I 

I and 
r I 

where the letters r and I represent an arrangement 
which results in right- or left-handed rotation of the 
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polarised ray. Meso-tartaric acid, which, as already 
explained, is optically inactive, though containing 
two asymmetric carbons, is by an extension of the 
same hypothesis represented as 


H 

HO OO.OH 

\ 1 / 



Van’t Hoff long ago indicated that when two 
carbon atoms are united together by a single bond 
they may be sxipposed to bo free to rotate about an 
axis which is in the lino ropresenting the direction 
of the uniting valencies, and that if two carbons are 
joined by two or more bonds rotation becomes im- 
possible. This hypothesis was first made use of by 
Wislicenua in 1886, and has boon the subject <)f a 
good deal of discussion since. 

It may be assumed that the radicles united to 
two adjacent atoms of carbon will be likely to 
infi,uence each other,^ and, according as they attract 
or repel each other, rotation may or may not occur. 
Thus it may be supposed that in Dutch liquid the 
chlorine and hydrogen atoms probably attract each 

^ The relative masses (atomic weights) of the atoms or atomic 
groups may have something to flo with this. 
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other. Hence there can be only one stable form of 
this compound, yiz. : 


H 

H I 01 



Other arrangements passing spontaneously by rota- 
tion into this.^ Succinic acid also is known in only 
one form, which probably has 'the following struc- 
ture : 

H 

H I OO.OH 



If this be so, it seems to follow that rotation must 


^ That atoms which are not directly united do induenoe each other 
IS certain from such cases as the O of the carboxyl group— CO.OH, 
which increases the activity of the H in the adjacent hydroxyl ; the 
acid characters of bromnitroethane ; the loss of basic power in 
the chloranilines resulting from the introduction of the negative 
chlorine, &c. 
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occur when water is lost and the anhydride is formed 
imder the influence of heat : ’ 



From otlier similar ctxses it appears probable that 
the formation of rings, in which four carbon atoms, 
or four carbon atoms and one oxygon atom are 
concerned, probably occurs in one plane. And Von 
Baeyer has pointed out that the interior angles of a 
regular pentagon are very nearly equal to the angle 
which the valencies of carbon in their normal position 
form with one another (see diagrams, pp, 244, 247), 
This appears to explain such facts as the ready produc- 
tion of anhydrides from dibasic acids, such as succinic 
acid, already referred to, and phthalic acid, &c. ; also 
the formation of lactones by loss of the elements of 
water by the y hydroxy-acids of the fatty series, 
such as oxybutyrio acid. It is certainly interesting 
to compare the action of heat upon a ^ acid with 
that of a y acid of the same series ; for example : 


OH.OH 

OH3 yields 

io.OH 


Hydreoryllc &oid« 


OH, 


OH 

io.i 


IO.OH 


mcta* 
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y 

OHgOH 

I 

OHg 

I Tields 

CH^ 

CO.OH 

Oxybotyne acid. 



One or two other questions relating to the origin 
or constitution of optically active bodies have been 
the subject of discussion and much experiment. As 
they are still unsettled, they may be dismissed 
briefly. Attempts have been made to trace a re- 
lation between the degree or amount of rotation 
produced by a compoimd and the masses of the 
radicles which enter into its composition in union 
with the asymmetric carbon atom it contains. It 
has been foxmd in some cases which have been 
examined that two of the foxu groups may have 
the same weight, and yet the compound is still 
active. Guye therefore supposed^ that not merely 
the masses of the atomic groups but their relative 
distances from the carbon to which they are attached 
may influence the rotatory power. Some regula- 
rities which seem to support these views have 
actually been observed by Guye; but on the other 
hand there are many cases which are incompatible 
with them. 

There appears to be some reason for thinking 
that it may be possible to trace the effect of each 

^ JRend^^ 11 ^, 1461 ( 1893 )^ 
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constituent of an optically active body upon its 
rotatory power, but at present no determinations 
have been placed on record which are sufficient to 
set the question at rest.^ It would appear probable 
that this problem wiU assume and retain for a long 
time the position and aspect presented by the some- 
what similar questions which arise in connection 
with many of the physical characters of chemical 
compounds. The specific or molecular volumes of 
liquids and solids, their magnetic rotation, their re- 
fractive power, and even their boiling points, may 
each be represented by numerical values which 
are respectively the sum of terms which are nearly 
but not absolutely constant, and which may be 
attributed to the sovertd constituents of the com- 
pound. But just m it is impossible oven now to 
assign an invariable value to the specific volume, 
for example, of an elementary atom, so it is not 
very likely that the specific rototion produced by 
a particular a.symmotric group of atoms will bo 
found constant; and in both caHO.s for the sjimo 
reason, namely, that notwithstarwling the accepted 
doctrine of atom-linking, bjised on the idea of 
valency, there can be no doubt that in a molecule 
every atom exerts an influence, greater or leas, on 
every other atom. 

Closely connected with the iiiquiry a« to the effect 
upon the plane of polarisation of the constituent 
radicles in a compound is another which has arisen 
* Sae J. W. Walker, Jvup*. OAem. JSoe. (ISOS). 67, 6X4. 
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out of the reseaxches of Walden. Compounds 
which contain asymmetric carbon, and hence are 
capable of existing in two stereo-isomeric forms, 
when produced from inactive materials by ordi- 
nary laboratory processes, invariably appear in the 
racemic condition; that is, an equal quantity of 
each oppositely active variety is produced. It now 
appears, however, that starting from one and the 
same active compotmd, a given derivative formed 
from it may exhibit a rotatory power the same or 
the reverse of that of the parent substance. From 
ioB-yo-malic acid is produced, by the action of penta- 
chloride of phosphorus, a chloro-succinic acid which 
is d&jotro-iot&tory} Replacing the chlorine in this 
compound by hydroxyl, a malic acid is reproduced, 
which is also dextro-rot&torj. This malic acid, 
treated with phosphorus pentachloride, gives Ic&vo- 
chloro-succinic acid, from which 2oB?;o-malic acid 
identical with the original substance may be re- 
generated. Phosphoric chloride appears therefore 
to have a peculiar power in such cases of causing 
optical inversion, a property which, in certain eases, 
is shared by other reagents such as the alkalis. 
Natural ZoB'Wo-asparagine and the aspartic acid formed 
from it yield, by the action of nitrosyl chloride, 
tevo-chloro-succinic acid ; ^ while, as stated above, 
the malic acid derived from the same substances 
yields, by the action of phosphoric chloride, a chloro- 

1 Waldon, Bar., 29, 133 (1896). 

® Tilden and Marshall, Jowm. Qhem. Soo., 67, 494 (1896). 
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succinic acid of opposite sign. Walden’s production 
of optical antipodes may be represented by the fol- 
lowing diagram : 

?. Malic +PCls. 


I, Chlor-Slicc. 


d. Malic + POI 5 . 

During recent years the problems presented by 
this interesting discovery have been attacked by 
many investigators, and there has boon much specu- 
lation as to the mechanism of the changes of con- 
figuration attending what is now familiar as the 
“Walden Inversion.” Among these one of the moat 
important is the hypothesis of Professor Emil Fischer,^ 
which assumes the formation of an intermediate 
conjunction of the molecule of the carbon compound 
with that of the agent which is employed. An 
internal rearrangement is then supposed to occur, 
whereby a new compound is formed in which the 
substituent enters either in the same position as 
that of the element or group removed, or in another 
position which brings about the change of sign in 
the optical activity of the product. 

The hypotheses of which an outline has been 
> Annaten, 881, 128 a&d 894, 3S2 (1912). 
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given relate to tlie atom of the element carbon ; but 
considerations of this kind, if valid in the case of 
one element, must be applicable to others. Accord- 
ingly, many attempts have been made to isolate 
optically active isomerides from inactive compoimds 
of which the chem i cal composition indicates asym- 
metry. The first success was achieved in the ease 
of nitrogen. Le Bel showed, so long ago as 1891, 
that when methylethylpropylisobutyl ammonium 
chloride is acted on by moulds, a Isevo-rotatory form 
of the salt can be isolated.^ A few years later Pope 
and Peachey® demonstrated the possibility of obtain- 
ing compoimds in which the nitrogen atom associ- 
ated with one atom of hydrogen appears to be 
capable of forming a nucleus for tetrahedral asym- 
metric compounds resembling those of carbon. By 
the fractional crystallisation of a salt of a benzyl- 
phenylallylmethyl ammonium 


XtsbT 


with a strong dextro-rotatory acid, a separation was 
effected into optically active dextro and Isevo iso- 
merides. 

This result was soon followed by the resolution of 
an asymmetric sulphur compoimd® into two active 
components. 

^ Cornet. I^nd.y 112, 724. 

a Journ. Chem, Soc., 76, 1127 (1899)i* » Uid., 77, 1072 (1900). 

R 
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In this case the compound operated on was the 
methylethylthetine in the form of a camphor sul- 
phonate. 

^ ^OHaOOaH 

C,oH,r,O.S 03 /^ ^CHs 

About the same time S. Smiles succeeded in 
resolving methylethylphenacyl sulphine in the form 
of a hromo-camphor sulphonate.^ 

C,„H„BrO.RC)3'^ ^OH, 

Pope and Peachey ** have also shown that by the 
application of the same methods optically active tin 
compounds can be isolated- By converting methyl- 
ethyl n propyl tin iodide into dextro-camphor sul- 
phunate and fractional crystallisation of the latter 
salt a dextro-rotatory tin base was isolated. The 
corresponding hevo compound could not bo obtained 
owing to the tendency to racomisation, that is, the 
production of an optically inactive mixture of the 
dextro and Isevo compounds owing to internal re- 
arrangement in one half of the material. Since that 
time optical activity has been shown to exist in 
isomeric compounds of silicon and of phosphorua 
These are acids, and the separation of the optical 
isomerides is effected by combining them with 

* Jowr*. Soo.,77, 11T4 (1800). 

* JProo. Ifttb E*b. 1800. 
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optically active bases and taking advantage of 
differences of solubility exhibited by the resulting 
salts. Active compounds containing silicon have 
been obtained by Kipping,^ but the difficulties arising 
from racemisation and other causes are very con- 
siderable. Phosphorus has also been shown to be 
capable of giving rise to optically active compotmds ® 
of the type POR^R^R®. 

Further, it appears to be now definitely established 
that certain of the metals, notably cobalt and 
chromium,® may form the nucleus for a tetrahedral 
asynxmetry, so as to give rise to compounds which 
are capable of rotating the plane of polarisation. 

It may fairly be expected that in time all the 
elements in groups IV., V., and VI. of the periodic 
scheme will be shown to exhibit similar phenomena. 
Much discussion has arisen during the last few years 
as to the config^ation of nitrogen compounds, and 
chemists are as yet not agreed on this part of the 
subject. There is, of course, room for even more 
speculation in this field of hypothesis than in the 
corresponding question relating to carbon compounds. 
It seems probable, however, that since nitrogen is 
xmdoubtedly quinquevalent, the fourth and fifth 
valencies of the nitrogen atom cannot lie in the 
_ same plane as the other three. 

^ Journ, Chem, Soc*, 93, 466 (1908), and 97, 766 (1910), 

* JBer., 44, 356 (1911), and Journ. Chem. 99, 626 (1911). 

® See New Idem on Inorga/nio Gom^ownds^ by A. Wemer. (Long- 
mans, 1911.) Ber., 44, pp. 1887, 2444, 3132 (1911). 
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BIOGRAPHICAL NOTES 

AnoLPH VON Bakvkr, Excellen:3 Geheini'-Rut, F.R.S., Pro- 
fessor in the University of Munich* 

Jean Baptiste Biot, born 21st April 1774* Professor of 
Physics at the ColU‘gede Franco (from 1800),axidof Astronomy 
at the Faculty of Science, 1'aris (from IHOU). 

He died 3rd Feb. 1802. 

[PoggondorfTs Hamhmi lerburh , ] 

Joseph AoHinnK IiE Be^, F,R.S. Received the Davy Medal 
(jointly with Van*t Hoff), 1893. 

POLYDORE Bout^lay, botu 1806. Plmrm&cieu in Paris. 
Worked with Dumas on the formation of ether, and died 
24th March 1835, as a conse<|uence of burns from liccidentai 
ignition of ether. 

pHiTiipPK AuotmTR (luYE, D.So. Ooncva and Paris, Professor 
of Theoretical and Technicud Oheiiiistry in the University of 
Genova, 

jAa)BUS Henhicub Van’t Hoff was lH>i*n at liotterdam, 
in IB52. After attending the Higher Burger Hchool of liis 
native town, he attended the Polytechnic School at Delft, 
and then proceeded to the University of linden* He then 
spent a year at Bonn under Kekul4, and in 1874 graduated 
at Utrecht. He then entered the l^oole de Mt'decine in Paris 
in order to study under Wurta, and here he met I»e BeL The 
two young men had already been occupied independently with 
the conception of the tetrahedral carbon atom and the oon<* 
ditions of asymmetry* Van*t Hoffs paper appeared in 
September 1874, while that of lie Bel was published inde** 
pendently in Kovember of the same year. They agree in the 
discovery that asymmetry is oonneoted wiilt the association of 
the carbon atom with four different radUdes, but in working 
out this idea some differences of detidl are encountered, which, 
however^ can only be appreciated by a careful study of the 
original memoirs. 
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Van't Hoff next obtained a teaching post at the Veterinary 
College at Utrecht, from which he proceeded in 1877 as Pro- 
fessor of Cheinistry in the newly constituted University of 
Amsterdam. In 1896 he was appointed Professor at the Uni- 
versity of Berlin. In 1902 he was the recipient of the first 
ISTobel Prize awarded for chemistry, and in the same year he 
gave the Baoult Memorial Lecture to the Chemical Society in 
London. 

He died 1st March 1911. 

[Van’t Hoff Memorial Lecture, by James Walker. Joum. 
Ghem, Soc., 103 (1913).] 

Frederic Stanley Kipping, D.So., F.It.S., Professor of 
Chemistry in University College, Nottingham. 

Stanley John Peachey, M.Sc., School of Technology, 
Manchester. 

FriSderio HBRvfi DE LA pROVOSTAYE, bom 15th Feb. 1812 
at Bedan (Ille-et-Vilaine). Inspector-G-eneral of Pubhc In- 
struction. 

Died 28th Deo. 1863. 

[Poggendorff’s JBCandworterhuch, vol. iii.] 

Samuel Smiles, D.Sc., Secretary of the Chemical Society, 
Assistant Professor in University College, London. 

Paul Walden, Member of the Imperial Academy of Sciences, 
St. Petersburg. Professor of Chemistry in the Polytechnic 
Institute, Riga, Russia, 

James Wallace Walher, Professor of Chemistry in the 
McGill College, University of Montreal, Canada. 

Alfred Werner, Professor of Chemistry in the University 
of Zurich. 

Johannes Wislioenus was borp at Klein-Eichstadt, 24th 
June 1835. At the age of eighteen he became assistant to 
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Professor Heintz at Hallo, and thenceforth devoted himself to 
chemistry. Owing to his father's unorthodox religious opinions 
the family had to leave Germany, and for some time lived in 
America. Returning to Europe the family settled at Zurich, 
and in 1861 Johannes was appointed Professor in the School 
of Industries, and three years later in the University. In 
1870 he was selected for the Chair of Chemistry in the Poly- 
technic. In 1872 he was invited to succeed Strecker in the 
University of Wurzburg. Finally, on the death of Kolbe, 
he was transferred to the chair at Leipzig, where he remained 
till his death on 5th Dec, 1902. 

[Wisliconus Memorial Lecture. W. H. Perkin, jun. Journ. 
Gkm, Soc., 87, 501 (1905).] 

iEMiLiUH WUNUKHLICH, Ph.D. Wurzbtirg, Industrial Chemist. 
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CHAPTER VIII 

ELECTRICITY AND CHEMICAL AFFINITY 

In tlie PhiZosojphical Transactions for 1784 -will be 
found a paper by tbe Hon. Henry Cavendish, which, 
embodies those results of his " Experiments on Air ” 
which led to the famous discovery of the composi- 
tion of water. The proposition that water consists 
or is composed of two elementary gases is, however, 
all the more firmly established when, to the state- 
ment of Cavendish that from two measures of 
“inflammable air” (hydrogen) exploded with one 
measure of “ dephlogisticated air” (oxygen) water 
is produced, we are in a position to add that from 
the decomposition of water these two gases, and 
nothing else, can he reproduced. This latter result 
was observed for the first time by Nicholson and 
Carlisle in 1800, only sixteen years later than the 
annoimeement of Cavendish’s discovery. 

In the meantime a new philosophical instrument 
and a new field of research had been brought within 
the reach of chemists and physicists by the dis- 
coveries of Galvani and Volta, which culminated in 
the invention of the Voltaic Pile and the Voltaic 
Battery shortly before this time. Electric currents 

26S 
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could thus be procured at will, and the voltaic 
decomposition of acidified wator was followed by a 
host of observations of a similar kind. Solutions of 
various salts submitted to the action of the current 
yielded in some cases acids and alkalis, in others 
acid and oxygen at one polo, while metal and 
hydrogen appeared at the opposite pole. By this 
same agency Davy, in 1807, succeeded in proving 
that potash and soda are oxides containing a pair of 
very remarkable metals. 

The attention of chemists in this way became 
attracted to the fascinating phenomena of electro- 
lytic or electro- chemical decompositions, and not 
only were many facts discovered of greater or less 
practical utility, but hypothasos wore necessarily 
framed to account for the facts. Davy himself, 
after some years occupied more or lt»s with the 
study of the galvanic phenomena, seems to have 
arrived at the conclusion tlrnt chemical combination 
is produced by the union of att)ma charged with 
opposite kinds of electricity; and, in fact, to have 
identified chemical “afSnity” with electrical attrac- 
tion between particles, or, at any rate, tt> have 
regarded chemical affinity and electrical attraction 
as dependent upon the same cause. A similar 
theoiy was formulated by Berzelius about 1818, 
but the Swedish chemist considered it probable that 
“simple and compound atoms are eleotro-polar ; in 
the majority of them one of the poles is endowed 
with a preponderant force, the mteoedty of which 
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varies according to the nature of the body. Those in 
which the + pole is preponderant are called electro- 
positive, those in which the — pole predominates are 
electro-negative.” ^ Hence, according to Berzelius, 
each atom contains both positive and negative elec- 
tricity ; hut the atom of oxygen, for example, has a 
large amount of negative electricity accumulated 
upon one pole, with a relatively small amount of 
positive electricity at the other, while the atom of 
such an element as potassium possesses a strong 
charge of positive with a small charge of negative 
electricity. During the act of combination the 
positive pole of one atom is tmmed toward the 
negative pole of the atom with which it is about to 
imite, and the opposite electricities neutralise each, 
other with production of the phenomena of heat 
and light, as in the production of sparks between 
oppositely charged masses. 

From this time forward little further progress 
was made, so far as electro-chemical phenomena 
were concerned, till the subject was taken up by 
Faraday about 1832 ; and as the result of his 
researches the two important quantitative state- 
ments which are usually known as Faraday’s Laws 
of Electrolysis, together with a vast body of other 
important observations, were established. The state- 
ments referred to may, for the sake of completeness, 
be recalled to the recollection of the reader. The 
first of these may be given in the original words of 
I Berzelius, TraM de Hhimie, vol. i. (1842). 
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the discoverer: “The chemical power of a current 
of electricity is in direct proportion to the absolute 
quantity of electricity which passes.”^ Faraday’s 
own language may also he used to lead up to and 
express the second law. “Compound bodies,” he 
says,* “ may be separated into two great classes, 
namely, those which are decomposible by the 
electric current and those which are not. Of the 
latter some arc conductors, others non-conductors, 
of voltaic electricity. ... I propose to call bodies of 
the decomposible class electrolytes. Then, again, the 
substances into which those divide, under the in- 
fluence of the electric current, form an exceedingly 
important general class. They are combining bodies, 
are directly associated with the fundamental paxts of 
the doctrine of chemictd affinity, and have each a 
definite proportion in which they arts always evolved 
during electrolytic action. I have proposed to call 
these bodies generally iotw, or particularly animis 
and ccutions, according as they appear at tlio anode 
or cathode, and the numbers reprc.sonting the pro- 
portions in which they are evolved electro-cfmniml 
equiveUenis. Thus oxygen, chlorino, iodine, hydro- 
gen, lead, tin, are ions; the three former are anitma, 
hydrogen and the two metals are catimis, and H, 2)6, 
126, 1, 104, 68, are their eleotro-ohemical equiva- 
lents nearly.”* We leam from this, and from other 

1 Sitptrinuntal S«»mnhm in MmOrieity, vot. ]. p, 241. 

* Lot. eit., pp, 242, 248. 

* la thia puMMga th«ra ta tn Vbe orlglaala slight varina lUp. whtoh 

Is oonrttoted ab<w«. * 
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experiments described in the course of these re- 
searches, that the electro-chemical equivalents of 
ions are the same as their ordinary chemical equi- 
valents or combining^ proportions. 

Faraday’s view as to the cause of electrolytic 
phenomena led him to reject the notion enter- 
tained by some of his predecessors that electro- 
chemical decomposition was the result of the 
electrical attraction or repulsion of the poles acting 
upon the constituents of the electrolyte. He states 
expressly that he believed that the effect is due to 
a force acting internally upon the ions, and “ either 
superadded to or giving direction to the ordinary 
chemical affinity of the bodies present.” 

Nevertheless, while correcting some of the experi- 
mental errors in Davy’s work, Faraday seems to 
have entertained nearly the same idea with regard 
to the nature of the phenomena of chemical com- 
bination and electro-chemical decomposition, for 
(jLoo. eit., p. 248) he refers, with evident sympathy, 
to “ the beautiful idea that ordinary chemical 
affinity is a mere consequence of the electrical 
attractions of the particles of different kinds of 
matter ” ; and a little further on he states his 
“ conviction that the power which governs electro- 
chemical decomposition and ordinary chemical at- 
traction is the same.” This idea evidently became 
established in the mind of Faraday, for in a later 
paper ^ the following passage occurs : “ All the 

^ Experimental Rezearchee Electricity^ vol. i. p. 272- 
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facts show US that that power commonly called 
chemical affinity can be communicated to a distance 
through the metals and certain forms of carbon ; 
that the electric current is only another form of 
the forces of chemical affinity; that its power is in 
proportion to the chemical affinities producing it; 
that when it is deficient in force it may be helped 
by calling in chemical aid, the want in the former 
being made up by an equivalent of the latter ; tibat 
in other words the forces termed chemical ^afvrvity 
amd electricity are one and the same." This view 
was adopted by other writers. Daniell, for example, 
the inventor of the constant cell, in his Gh&mical 
Philosophy, heads the paragraphs relating to the 
battery by the title, “Circulating Affinity or Elec- 
tricity.” 

The phenomena of electro-chemical decomposition 
present a great many questions of difficulty, the 
interpretation of which have led in the past and 
are likely still to lead to much difference of opinion 
and controversy. When, for example, an electric 
current is sent through a solution of copper sul- 
phate, the ordinary visible products which accumu- 
late at the poles are metallic copper at the cathode, 
and oxygen gas at the anode. If the current is 
strong, hydrogen is also given off with the copper. 
When sodium sulphate is used instead of copper 
sulphate, the products are gaseous hydrogen and 
oxygen; whOe the solution, originally neutral, be- 
comes alkaline hrom the'- production of soda round 
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the cathode, and acid from the accumulation of 
sulphuric acid round the anode. The difference 
between these two results has been explained in 
the terms of two distinct hypotheses, the earlier of 
which was based on the dualistic theory of salts. In 
the system inaugurated by Lavoisier, and approved 
by Berzelius, every salt was made up of two oxides — 
the one of a metal, the other of a non-metal ; thus 
cupric sulphate was supposed to consist of copper 
oxide united to sulphur trioxide or sulphuric acid, 
while sodium sulphate was composed of soda or 
oxide of sodium united to the same sulphuric acid. 
Expressed in symbols, they stood thus : 

Oupric sulphate .... OuO.SOg 
So^um sulphate .... iN'aO.SOs 

Berzelius and his school supposed that when these 
compounds are decomposed by the electric current 
the ions are GuO and SOg in one case, and HaO 
and SOg in the other; but that in the case of the 
copper salt the metal separates in consequence of the 
simultaneous decomposition of water, the hydrogen 
of which reduces the metallic oxide, uniting with 
the oxygen and setting the metal free. 

The other hypothesis was based on the unitary 
system, of which the germ perhaps may be found 
in the writings of Davy, but which was formally 
introduced by Daniell about 1842,^ and afterwards 
adopted by Gerhardt upon evidence of a different 
^ DanielVs Qhmdcal PhUoBmphy^ 2nd. edit. pp. 432-440. 
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kind. According to this view the two salts are 
resolved on electrolysis into the ions Cu and SO^, 
Na and SO4 respectively. The decomposition of 
tho copper compound therefore gives metal as 
the primary cation, while at the anode tho radicle 
SO4 is resolved into O, which escapes, and SOjj, 
which forms sulphiiric acid with tho water. In tho 
case of tho sodium salt, tho alkali and tho acid 
observed aro alike ftf'oondtiry products ; tho former 
resulting from tho action of tho lil>orato<l sodium 
upon the water with simultaneous escape of hydro- 
gen gas. 

Another question which roquiroil investigation 
relates to the course of tho current through the 
solution. It is a remarkable fact that water alone 
appears to be almost doatituto of conducting power, 
its resistance increasing in proportion as it is more 
free from divssolved salts or gases. But the addition 
of a very small quantity of sulphuric acid seems to 
make it not only conduct freely, but undergo electro- 
chemical decomposition into its constituents oxygen 
and hydrogen. . When the current passes, is it really 
conveyed by the water, by the acid, or by some 
compound of the two? That is a very important 
question; but in order to supply tho answer to it, 
which is provided by commonly received theories of 
the present day, it is necessary to know something 
of the course of observation and experiment which 
has led within the last few years to the adoprion of 
rathw remarkable -views, concerning the state of 
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dissolved electrolytes, and tlie nature of solutions 
generally. 

So long ago as 1788 Sir Charles Blagden pub- 
lished in the Philosophical Tra/nsactions a paper 
dealing -with the familiar fact that salt water does 
not freeze so easily as fresh water. In that paper 
he showed that various salts added to water cause 
a depression of the freezing point, and that the 
depression is in each case practically proportional to 
the amount of the salt present. There the ques- 
tion remained for nearly a century. The next steps 
in advance could only he taken when Blagden’s 
conclusions had been established upon a much 
firmer basis of exact experiment than he had been 
able to supply; and, as in so many other cases, it 
required the successive efforts of many experimenters 
to provide material upon which to build a theory 
with any prospect of success. Among the workers 
who took up the question must be mentioned 
Rtldorff,^ De Coppet,* and Guthrie.® Be Coppet 
got so far as to show that the “co-efficient of de- 
pression” of the freezing point is constant for the 
same substance, and that it is equal for similar 
substances when added to the same quantity of 
water in amounts proportional to their molecular 
weights. It is, however, to the important researches 
of Professor F. M. Raoult* of Grenoble that the 

1 Pogg., oxiv. 63 (1861), oxvi. 66 (1862), &o. 

* Ann. Ghim., xxiii. 366 (1871), xxv. 602 (1872), xxvi. 98 (1872). 

3 PhU. Mag., 1876, 1876, 1878. 

* Ann. Ohim., xxviii. 133 (1888), ^c. 
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establishment of this generalisation is due, and as a 
result a now method has been provided for the 
determination of the molecular weights of those 
substances to which the vaiwur-donsity method is 
not applicable. Raoult’s law may bo stated as fol- 
lows : the depression of the freezing j>oint of a 
liquid, caused by the solution in it of a liquid or 
solid, is proportional to the al>aolutn amount of dis- 
solved substance, and is inversely proportional to its 
molecular weight. Consequently, if a number of 
different substances bo taken in the proportions of 
their molecular weights, and dissolvotl in a liquid 
which is capable of solidifying at a determinable 
temperature, the resulting depression of the froessing 
point will bo the same in each case. This molecular 
depression is then a constant for any given liquid, 
though of course it differs in different liquids. The 
solvents roeommonde<l hy Raoult are water, acetic 
acid, and bensiene. If wo take A as the reduction 
of freezing point caused hy the solution of 1 gram 
of substance in 100 grams of water for example, M 
the molecular weight of the substimeo, and T the 
lowering of the freezing point caused by the solution 
of a molecular proportion of the substance in 100 
parts of liquid, then, if the solution is dilute, 

MA-T. 

The value of T for water has been found to be 19 
in reference to a great variety of neutral carbon 
compounds, but it rises to about 37, dr double the 
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value, ■when inorganic salts are employed. By 1888 
the method of estimating the molecixlar weights 
based upon these observations was generally adopted, 
and consequently it was recognised, not only that 
the iSreezing point of a solution is related, to the 
molecular weight of the dissolved substance, but 
that metallic salts produce an effect per molecule 
about twice as great as the effect produced by 
neutral carbon compounds such as sugar. 

The presence of a substance dissolved in a liqrdd 
affects the other properties of the liquid, such as 
its viscosity, or, if volatile, its boiling point and 
the pressure of its vapour. The reduction of vapour 
pressure, and the raising of the boiling points of a 
number of liquids, have been subjects of repeated 
experiment during the last half-century ; but the 
connection between the magnitude of the effect 
produced and the molecular weight of the dissolved 
substance was discovered so recently as 1887 by 
Raoult, whose work upon the freezing points of 
solutions has been already referred to. The law 
relating to vapour pressure has the same form as 
that which applies to freezing points; that is, the 
effect produced by molecular proportions of all sub- 
stances in the same liquid is the same pro-yided 
the solution is dilute. Hence the equation already 
given for the freezing point expresses the relation 
for the vapour pressure equally well, if we let A. 
stand for the lowering of pressure produced by 
1 gram of substance in 100 grams of solvent, and T 
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for the effect produced by a molecular proportion of 
the substance in the same quantity of solvent. 

The methods practically employed for estimating 
the effect of dissolving a definite quantity of sub- 
stance in a volatile liquid, may be based upon the 
actual measurement of the pressure of the vapour 
of the solution when in a barometric vacuum, or 
upon the loss of weight sustained by a given 
quantity of the solution, as compared with the loss 
of weight of the same quantity of the pure solvent 
when a current of air is passed under the same 
conditions through both of them; or the method 
may be based upon observation of the boiling point 
at atmospheric pressure of the liquid before and 
after the dissolution in it of definite quantities of 
substance. 

Again, if a solution of sugar or of a salt is separated 
from pure water by certain kinds of membrane, the 
volume of the solution increases by the entrance of 
water through the membrane, and a <Hfforonco of 
pressure will be immediately established on the two 
sides of the membrane, which will go on increasing 
up to a certain maximum for each kind of dissolved 
substance. The pressure thus established is called 
the oamotio jpressiwe of the dissolved substance. It 
appears to arise from the " semi-permeable ” character 
of the membrane, which allows water to pass in 
either direction, but not the solute ; hence water 
passes in the direction of the solution until the 
pressure it alone exertg per unit of surface is equal 
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on both sides the septum, while on the side of the 
solution there is the additional pressure due to the 
solute. This can be measured and expressed in 
m illi metres of mercury or otherwise. The cells of 
plant tissues are semi-permeable in this sense, and 
membranes formed by the precipitation of certain 
salts, especially cupric ferrocyanide within the pores 
of unglazed earthenware, have been used for the 
purpose of experiments on osmotic pressure. The 
earliest and best determinations of osmotic pressure, 
for which science is indebted to Professor "W. Pfeffer 
the botanist,^ have led to conclusions which stand in 
evident relation to the facts which have already been 
stated concerning the influence of dissolved sub- 
stances on the properties of liquids, and they may 
be expressed nearly in the same terms. For it is 
found that the effect is again proportional to the 
strength of the solution, and when solutions of two 
distinct substances are compared, the osmotic pressure 
is found to be the same when each contains for 100 
parts of the liquid rneiolecviXar ’prcyportions of the 
dissolved substance. 

By most of the older chemical writers the view was 
commonly entertained that the first act in the process 
of dissolution was the formation of a compoimd or 
mixture of compounds between the solvent and the 
solute. When certain anhydrous salts are placed in 

^ “ Osmotisohe Untersuchungen. Studien zur Zellenmeohanik ” 
ii., 1878, 182-193). See also Adie, Troms. Chem. Soo,, 

1891, 868. 
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water a chemical compound is formed, but why the 
resulting hydrate dissolves in the uneombined part 
of the water is another question. The article on 
“Chemical Affinity” in Watts’ Dictionary (1872) 
seems to adopt this view, while at the same time 
pointing out that solutions differ from definite 
chemical compounds in not complying with the law 
of definite proportions. The subject, however, had 
been much neglected by chemists up to this time, 
occupied as they had been with the development of 
new theories of constitution based on the recognition 
of the valency of the elements. In 1878 the present 
writer put forward ^ a view, the substance of which 
has been adoptwl by all those chemists who advocate 
the so-called “hydrate theory” of solution. The 
following iwissagoa explain clearly the hypothesis ; 

“The natural inference from the facts known in 
connection with the phenomena of solution is, that 
when a solid dissolves in a liquid it first enters into 
chemical combination with a portion of that liquid 
forming a chemical corapoun<l, the composition of 
which under fixed circumstances is perfectly definite. 
Briefly recapitulated the chief evidence in favour of 
this a^umption is (1) that when a solid conies into 
contact with a liquid capable of dissolving it, heat is 
evolved; (2) that changes of colour are often pro- 
duced; and (3) that water or alcohol is retained by 
crystals only in definite molecular proportions. Wo 

> Lecture to the Biietol Netaralials* Society, Fobruery 1878, Pro- 
MoUrngo vf tiu Sociity. 
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■will no-w endeavour to picture the state in -wliieli the 
substance subsists -wben solution is complete. Mucb 
assistance vrill be obtained to'wards tbe investigation 
of tbe problem if we first briefly re-view tbe facts 
■wbicb bave been established in tbe analogous ease of 
certain vapours : take for example pentacbloride of 
phosphorus. Tbe vapour of this compound, a solid 
at ordinary temperatures, is not homogeneous; it 
consists of a mixture of three vapours, -viz. penta- 
cbloride of phosphorus, PCI 5 , trichloride of phosphorus, 
PCI3, and chlorine, Clg. At lo-w temperatures near to 
its condensing or liquefying point, a large proportion 
of pentacbloride is present. But if heated this 
compound breaks up into the two simpler molecules, 
PCI5, and Olj, the dissociation occurring progressively 
with the rise of temperature until at 360°, or there- 
abouts, it is complete. At that temperature the 
vapour consists of a mixture in equal volumes of 
chlorine and the phosphorus trichloride. But it has 
been shown, on the one hand, that if the liberated 
chlorine is gradually removed by dhGEusion, the 
progress of the dissociation is much more rapid and 
occurs at lower temperatures. Whilst on the other 
hand the dissociation is retarded or almost arrested 
by causing the vapour of the pentacbloride to mix 
with a sufficient quantity of vapour either of tri- 
chloride of phosphorus or of chlorine. 

“Turning now again to solutions and, in order 
to avoid verbal repetition, confining otir remarks to 
solutions of salts in water, we find a state of things 
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of Strictly analogous character though a degree more 
complex. Suppose, for example, we dissolve some 
ordinary sodium sulphate in a considerable quantity 
of water. The salt first combines with water forming 
a hydrate, or rather, a series of hydrates which are all 
richer in water than the ordinary salt, containing ten 
molecules. These hydrates are liquid at ordinary 
temperatures, and mix by the usual process of liquid 
difiusion with the rest of the water. The chief of 
these hydrates I believe to be none other than the 
cryohydrate.’- If the temperature of the liquid is 
above the melting point of the cryohydrate, this 
compound tends to split up into water and lower 
hydrates. But if the amount of water present is 
comparatively large, this tendency is eoimteraeted, 
just as the disposition of pentachloride of phosphorus 
to split into trichloride of phosphorus and chlorine 
is reduced by the presence of excess of one or other 
of those substances. Ima^ne now the solution of 
sulphate of sodium heated, other conditions remaining 
unaltered. The amount of original (cryo ?) hydrate 
diminishes as the temperature rises, whilst equivalent 
quantities of uncombined water and lower hydrates 
are 'pavi pasm liberated. 

“ This continues until a temperature is reached at 
which some of the anhydrous salt is formed. This 
compound, however, although it is much 1^ soluble 
than the hydrated salt, does not at once make its 

^ IBSut^ctic mixtures liesoribed under tMs name bj Guthrie 
(/own, Ohem, 187^, 1876, 1^77)* 
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appearance in crystals, because the solution must first 
be saturated with it. But no sooner is a portion of 
this salt deposited, than a new set of conditions is at 
once established, for the removal of the anhydrous 
salt from the liquid is, of comrse, equivalent to the 
addition of water, and so time must elapse, or the 
temperature be raised still higher, before any more 
of the anhydrous salt can be thrown down. 

“ One main point upon which it appears to me to 
be desirable to insist is this, that a solution contains 
a 'mixture of several Jvyd/rates, the couatitutian, of 
luhich depends partly 'upo'n the te'unperat'ure of the 
liq'oid, and partly upon the proportion of 'water 
present. Such hypotheses as those of Lowel, for 
example, to the effect that at one temperature the 
solution contains one hydrate alone, and at another 
temperature another entirely distinct, or indeed that 
any one hydrate can exist in solution by itself, appear 
to me to be unsupported by reason or the facts of 
the case.” 

Mendeleeff a few years later expressed a similar 
opinion in the following words : “ Solutions may be 
regarded as fluid unstable, definite chemical com- 
pounds in a state of dissociation.” ^ 

This view, however, would not be acceptable with- 
out modification to the majority of chemists at the 
present time. The act of dissolution is probably 
not due to chemical combination in the first instance, 
but is probably analogous to the sublimation of a 

Principles of ChemistrV', vol. i. 106 {1891). 
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solid into a gas, and proceeds from the detachment 
of molecules from the surface of the solid and their 
intermixture with those of the surrounding liquid.^ 
This is doubtless due to the impact of the moving 
molecules of the liquid, and this view is supported by 
the existence of a relation between the fusibility of 
solids and their solubility, from which it appears that 
in aU eases which can be brought into comparison 
with one another, the solid which melts at the lower 
temperature dissolves most readily in a liquid.® 

In 1887 a theory was conceived which provided a 
beautiful explanation of all these various facts and 
relations. * The first volume of the Zeitschrift filr 
physikaliache CUiemie (pp. 481—608) contained a paper 
by J. H. Van’t Hoff which threw a flood of light 
upon the whole subject of solutions.® The theory, 
then for the first time definitely brought forward, is 
based upon the recognition of the analogy between 
the state of substances in solution and the same in 
the state of gas. Pfeffer’s results seem to have 
established the fact that osmotic pressure in dilute 
solutions is proportional to the amount of dissolved 
substance in unit mass, and that the pressure is 
directly proportional to the absolute temperature of 
the liquid. The laws of osmotic pressure, then, 

^ Tilden and Shenstone» 1 884 » Part I, 30; Nernst, 

ZeitBohrift PhySn Ohem,, 4, 872 (1889). 

® Tilden and Shenstone, loo, oit,i Carnelley, Phil, Mag, (6), 13, 
112 - 

* For an interesting summary of tbe oontse of 'events which led 
Van*t Hoff to the theory, see BorickU^ 27 (1894), 8, ' 
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assume the same form as the law of Boyle, which 
connects pressure and volume, and the law of Gay- 
Lussac, which connects temperature and volume, for 
gases. And further, since molecular proportions of 
dissolved substances produce at the same tempera- 
ture equal osmotic pressures, eqvMl volv/mes of different 
sol'wtions, which give the same osmotic pressures, 
contain the same number of Toolculea. This is equiva- 
lent to asserting that the law of Avogadro applies 
to solutions as well as to gases. 

For the sake of clearness it may be as well, before 
proceeding further, to recall the main features and 
history of the kinetic theory of gases. From the 
phenomena of gaseous diffusion there seems to be 
very direct proof that the particles or molecules of 
gases are always moving about. This idea was long 
ago employed to explain their pressure and elasticity, 
but only in a general and rather indefinite way, and 
it was in 1848 that Joule for the first time made 
some calculations as to the velocity which the 
particles of hydrogen and of oxygen must have in 
order to produce the observed pressure. He found 
that the particles of hydrogen, when at 0° O. and 
atmospheric pressure, move at the rate of more 
than 6000 feet per second, which is much faster 
than any ordinary projectile.^ 

A paper had been communicated to the Royal 
Society by J. J. Waterston in 1846, but unfor- 

“ On the Mechanical Equivalent of Heat, and on the Constitu- 
tion of Elastic Fluids” {Brit. A9Soc. 1848, Part II. 21—22). 
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tunately was not thought fit for full publication at 
the time (see Proc. Roy, 8oc., 5, 604). Nearly half a 
century afterwards it was discovered by Lord Ray- 
leigh in the archives of the Society, and was found 
to contain a nearly complete development of the 
theory which has since become so fe,mous. This 
paper has been printed in the Philosophical Traris- 
actions for 1892. Views essentially the same as 
Waterston’s were afterwards published by Kronig in 
1856,’- and by Clausius® in 1867. 

The kinetic theory supposes that all the par- 
ticles m a gas subsist in a state of perpetual 
movement with great velocity, but since they are 
very small, and much crowded together, no single 
molecule proceeds far in a straight line before 
it approaches another molecule, and its course is 
altered, much in the same way that an elastic ball 
falling upon any surface rebounds and passes off in 
a new direction. The constitution of a liquid is 
supposed to be somewhat similar, the difference be- 
tween a gas and a liquid being attributed to the 
association of a certain proportion of the moving 
molecules into groups; so that while in a true 
gas each molecule moves independently of the 
rest, except for collisions, in a liquid there is 
a rmxture of free molecules and aggregations of 
molecules. 

1 “ Gximdzttge einer Theorie der Gase '* (.Pogg, xoix. SI 6-822). 

® “ Ueber die Art der Reweguag^ welohe wix Wilnxio nea&en” 
<Pogg. Ann., 1867, 863-380, and PAU. JIfyg., xir. 108-127). 
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We may now return to tlie question presented 
by tbe phenomena of electrolysis. It has already 
been stated that metallic salts generally, as well as 
acids and alkalis, when dissolved in a large quantity of 
water, cause a depression of the freezing point of the 
water nearly twice as great as the depression caused 
by the majority of carbon compounds. AH these 
substances are eleetrol 3 rtes when in aqueous solution, 
while neutral carbon compounds are not. Now, by 
carrying the analogy between dilute solutions and 
the gaseous state a step further, an explanation 
is provided of the existence of these exceptions. 
This explanation is afforded by the doctrine of ionic 
dissociation introduced by Arrhenius in 1888. The 
abnormal vapour pressures of ammonium chloride, 
phosphoric chloride, sulphmric acid, and many other 
compounds are accounted for by the hypothesis 
already referred to, that each molecule of such a 
compoimd when vaporised dissociates into two or 
more separate molecules, and in like manner the 
new theory supposes that substances which become 
electrolytes when dissolved owe the assumption 
of that character to a process of dissociation. 
The dissociation of sulphuric acid, for example, by 
the action of heat is, however, different in its cause 
as in its results, from the dissociation which is 
assumed to occur when it is mixed with water. 
Vapour of sulphuric acid is made up of equal 
numbers of molecules of water and sulphur trioxide, 
which, if cooled so that liquefaction occurs, unite 
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together again, almost completely reproducing the 
original compound. Sulphuric acid diluted with 
water is supposed to 3deld a mixture of the ions 
H and SO^, the number of molecules of the com- 
pound so resolved increasing in proportion to the 
dilution up to a limit. 

A view which, at first sight, appears somewhat 
similar to this was proposed some forty years ago 
by Clausius,^ almost immediately after his enimcia- 
tion and discussion of the kinetic theory of gases. 
Clausius appears to have regarded a solution as 
consisting of a mixture of entire molecules moving 
about more or less rapidly, according to the tem- 
perature of the liquid, together with positive and 
negative partial molecules or ions, which owe their 
separation from one another to the encounters which 
result from the motion of heat. These partial mole- 
cules, moving irregularly through the liquid, meet 
now and then with complementary partial molecules, 
with which, when conditions are favourable, they 
reunite and reproduce the original compound, the 
number of free or ionised particles being, according 
to this view, dependent upon the temperature, in- 
creasing in numbers as the temperature is higher; 
while if the temperature is lowered the recombina- 
tions occur more frequently than the separations in 
unit time, so that, on the whole, there are fewer 
free ions in the liquid, while under no oircum- 

^ lU Clansius, “ Udber die BHektrioitatsleitnng In Blektrolyten ** 
(Pogr^., oL, 1867, 3B8 ; and Ph4l. xv,, 1868» 94). 



VIII] Williamson’s theory op atomic motion 285 

stances is it assumed that the number of partial 
molecules is more than a very sman percentage o£ 
the number of entire molecules. A doctrine of the 
same kind had been enunciated by Williamson some 
years earlier in his memoir ^ on the “ Theory of the 
Formation of JEther.” The following passage ex- 
plains his view quite clearly; “We are thus forced 
to admit that in an aggregate of molecules of any 
compound there is an exchange constantly going on 
between the elements which are contained in it. 
For instance, a drop of hydrochloric acid being sup- 
posed to be made up of a great number of mole- 
cules of the composition CIH, the proposition at 
which we have just arrived would lead us to believe 
that each atom of hydrogen does not remain quietly 
in juxtaposition, with the atom of chlorine vdth 
which it first united, but on the contrary, is con- 
stantly changing places with other atoms of hydro- 
gen, or, what is the same thing, changing chlorine." 
Clausius, remarking upon this quotation, points out 
that Williamson’s theory assumes a more ficequent 
exchange of one atom for another than appears to 
him to be necessary for the explanation of electro- 
lytic conduction, in which case he observes, “it is 
sufficient if the impact between complete molecules 
is occasionally and perhaps, comparatively speaking, 
rarely accompanied by an interchange of partial 
molecules.” 

Since these views were expressed by Clausius, 
1 PhU . Maq ., 1850. 
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facts have become known wbich. seem to show that, 
if the comparison of the dissolved with the gaseous 
state is accepted, electrolytic conduction should 
depend upon and be proportional to a dissociated 
state in the dissolved electrolyte, which increases as 
solution is more dilute. It has been stated, for 
example, that the depression of the freezing point 
of a solution of such a neutral compound as sugar, 
a non-electrolyte, is only about half the depression 
observed in the solution of an acid or a metallic 
salt which is an electrolyte. Arrhenius^ supposes 
that when an electrolyte is dissolved its ions separate 
from each other, not only, as assumed by Clausius, 
to a small extent, but to a large extent which 
increases with dilution ; so that in an infinitely dilute 
solution none of the original molecules of the com- 
pound exist, but only the electrolytically active 
fragments of molecules or ions. When any electro- 
motive force is applied to an electrolyte, therefore, 
the current which passes is proportional to the 
number of ions ready to convey the electricity. 

There is therefore a fundamental difference be- 
tween the earlier and the later views of the process 
of electrolysis. According to the well-known hypo- 
thesis of Grotthus, introduced in 1806, and to be 
found in all text-books of electricity to the present 
day, the molecules of an electrolyte upon which no 
electro-motive force is acting must be supposed 
to be distributed at random throughout the liquid, 
Ztiiaohr. Phyt. Ohem,, i. (1887), 681. 
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and to be arranged in no sort of order. When two 
metallic plates connected witb a source of electricity 
are dipped into tlie liquid, say dilute sulpbxiric 
acid, tbe positive electricity of one plate attracts 
the oxygen, while tbe negative electricity of tbe 
other plate attracts tbe hydrogen, with tbe result 
that tbe molecules of acid range themselves in a 
multitude of polar chains across tbe space between 
tbe electrodes. Then, if tbe electro-motive force is 
sufficient, atoms of hydrogen are detached from 
one end of all these chains, while tbe residues of tbe 
molecules left take hydrogen from the adjoining 
molecules, and so tbe transfer of hydrogen from 
molecule to molecule occurs throughout each chain. 
Oxygen is liberated in a similar way at the surface 
of the opposite electrode, with a similar transfer of 
oxygen from moleciile to molecule throughout the 
series of molecules forming each chain. And thus, 
while hydrogen and oxygen are liberated in visible 
bubbles at the surfaces of the electrodes, no action 
is perceptible within the liquid which fills the space 
between. A difficulty about this hypothesis, which 
has become apparent only within recent years, is 
that it assumes that the electrolyte is tom asunder 
into its ions by the action of the current. If 
that were the case, each chemical compound would 
require the application of a certain definite mim- 
m^^m- electro-motive force peculiar to itself before 
electrolysis would begin. But decomposition occurs 
even when the electro-motive force is extremdy 



288 THE PEOGEESS OF SCIENTIFIC CHEMISTET [CHAP. 

weak, and it is therefore now more generally be- 
lieved that tbe current does nothing more than 
direct to the respective electrodes the already 
separated ions. According to the Clausius hypo- 
thesis these are few at any one instant, but as fast 
as they are driven to the electrodes and are liber- 
ated, others are produced by dissociation within 
the liquid. According to the doctrine of Arrhenius, 
on the other hand, good electrolytic conductors are 
in a state of ionisation or dissociation, which is 
much more extensive, and which is increased by 
dilution up to a certain limit, when it may be nearly 
complete. The electric conductivity of a consider- 
able number of electrolytes, including all the most 
important acids, has been determined chiefly by a 
method introduced by Kohlrausch, which is to be 
found described in many text-books, and is based 
on the employment of an alternating current, thus 
avoiding the difl&culties arising from “polarisation” 
of the electrodes and other causes. The results of 
these experiments have led to the remarkable con- 
clusion that electric conductivity is directly related 
to chemical activity. Thus the numbers expressing 
the electric conductivities of a series of acids of any 
given degree of dilution, also represent very closely 
the relative powers of the same acids to effect such 
chemical changes as the inversion of cane-sugar. 
The chemical activity of electrolytes is therefore 
directly related to the extent of the iopic dissocia- 
tion of the substance, if we accept the hypothesis. 
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and at the present time it must be admitted that 
there is no escape by "way o£ any better explanation. 
The same hypothesis accords also with the well- 
known fact that many of the strongest acids, 
hydrogen chloride for example, are, when apart 
from water in the liquid state, both non-conductors 
and non-electrolytes, and at the same time almost 
destitute of chemical actiTity. The most charac- 
teristic of all the interactions produced by acids is 
that which follows from their contact with bases. 
This results in the general formation of salts and 
water, but an anomaly is here noticed which is 
almost inexplicable without the ionisation theory. 
The neutralisation of an acid by a base is attended 
by the evolution of heat, and it has been generally 
supposed that the amount of heat evolved in a 
given reaction is a measure of the activity of the 
affinities concerned, and of the amount of energy 
which escapes or runs down in the process. But 
when chemically equivalent quantities of different 
acids are neutralised by the same basic hydroxide, 
say soda NaHO, the amount of heat evolved by strong 
acids is not much greater than that afforded by 
acids reputed weak. Many experimental investiga- 
tions of this subject have .been tmdertaken, but the 
results of the work of Julius Thomsen (see p. 41), 
may be regarded as the most exact and trustworthy. 
He foimd the-t when one molecule of soda, NaHO, 
dissolved in water is neutralised by different ‘acids 

mixed with the same proportion of water, the amount 

T 
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of heat evolved may be represented by thermal units, 
expressed in the successive cases by the following 
numbers taken as examples : 


Name of acid. 
Hydrochloric acid 
Nitric acid 
Sulphuric acid 
Phosphoric acid 
Formic acid 
Acetic acid 


Heat evolved 

. HOI 13740 

. HNOs 13617 

. 16690 

. iHgPO* 11343 

. HOHOg 13460 

. HCgHgOg 13400 


These examples sufl&ce to show that the heat de- 
veloped when an acid is neutralised by a basic 
hydroxide bears no very obvious relation to the 
chemical activity of the acid, as indicated by other 
chemical reactions in which it is capable of taking 
part. The ionisation hypothesis affords an explana- 
tion of this which is consistent with all the facts 
known. The heat produced in such changes as 
these is chiefly due to the formation of water, and 
not to the production of the several salts, which 
like the acids and bases are electrolytes, and are 
therefore, according to the h3rpothesis, dissociated to 
a considerable extent when in aqueous solution. 
The change which occurs when soda and hydro- 
chloric acid are brought together is therefore not to 
be represented by the familiar quotation : 

H01+NaH0=Na01-|-HsO. 

The expression must take rather the following 
form : 


H+a+Ha+HO-Ha+Ol+Hp 
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And from tliis it appears that water is a compound 
whioli differs from caustic soda and nearly all other 
soluble oxides, cblorides, and salts, inasmuch as it is 
not xmder ordinary circumstances ionised to any 
considerable extent. This agrees with what is known 
of the properties of water as an electrolyte. It 
results from the experiments of Davy, and of all who 
have followed since his time, that water is a very 
bad conductor, and its conductivity diminishes in 
proportion as it is deprived of dissolved salts or 
other substances. Pure water is very difficult to 
make, and still more difficult to preserve ; but when 
every precaution has been taken to avoid contamma- 
tion from the vessel in which it is kept, and from 
the atmosphere surrounding it, the conductivity is 
so small that the results given by different ex- 
perimenters differ widely from one another. It is 
perhaps owing to this remarkable peculiarity that 
water so well plays its part in nature as a liquid 
which is almost absolutely neutral. While in some 
cases it behaves as a feeble acid, H.HO, and in other 
cases as a feebly basic hydroxide, its action is de- 
termined by the nature of the substance in contact 
with it. The property which especially distinguishes 
water from the majority of other chemically neutral 
liquids is the power it possesses of rendering acids, 
bases, and salts electrolytically conductive when 
dissolved in it, that is, according to the hypothesis, 
causing them to be resolved into their respective 
ions. 
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The heat of neutralisation of acids per equivalent 
is from 13,000 to 14,000 calories on the average. 
The differences noticeable in the values given above 
are attributed to the different extent of ionisation 
in the different acids when mixed with the same 
amoxmts of water. They are also partly due to the 
fact that in some cases, notably that of phosphoric 
acid, the normal sodium salt supposed to be formed 
is partially decomposed in the presence of water 
into soda and acid (hydrolysed), and hence the inter- 
action between equivalent quantities of base and acid 
is in such cases incomplete. 

Such in broad outline are the views accepted by, 
we must suppose, the majority of chemists at the 
present day. They are consistent enough among 
themselves, but while they help to connect together 
many facts and phenomena they are still attended 
by many difficulties, and leave much that has always 
been obscure stiU unexplained. 

The ions, according to Arrhenius, are associated 
with electric charges, but whence these charges are 
derived is far from intelligible. Taking common 
salt, for example, this substance in the solid state is 
tmiversaUy supposed to be made up of atoms of 
sodium in juxtaposition with atom’s of chlorine; 
when the salt is dissolved in water a large propor- 
tion of the whole number of molecules are at once 
resolved into ions of sodium with a positive charge, 
and ions of chlorine with an equal negative charge, 
and if the liquid is diluted the number of these dis- 
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sociated and charged particles increases till there are 
very few, if any, molecules of salt left. It does not 
appear necessary to the ionic doctrine, however, to 
.assume the permanent residence of charges of elec- 
tricity upon the separated atoms. It is only neces- 
sary to state what is the fact, that there are two 
classes of elementary atoms. One of these includes 
hydrogen and the metals which, in virtue of some 
peculiarity of their structure, are capable of becoming 
associated with a unit charge of positive electricity, 
and conveying this from the positive electrode to 
the negative in the process of electrolysis. The 
other class includes oxygen, the halogens, sulphxir, 
and perhaps some others, which are similarly en- 
dowed with the power of conveying negative elec- 
tricity only, and in the process of electrolysis travel 
with their unit charges from the negative to the 
positive STirface. On such a hypothesis the initial 
difficulty as to the determining cause of ionisation 
when a substanpe like salt is dissolved in water, is 
certainly not greater than that which attends the 
ordinary view; and, further, it may be pointed out 
that it is not yet proved that all the elements come 
within the two classes just mentioned. Carbon 
notably seems to be incapable of assuming the ionic 
state. Its chlorides are non-electrolytes, as are all 
its hydrides,^ and when electrolysis of a compotmd of 
carbon like acetic acid occurs, the hydrogen ion 

1 See, however, Helmholtz’s Faxaday Lecture, Jowm. Chem. Soe„ 
39 , 291 ( 1881 ). 
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goes to the cathode as usual, while the carbon, carrying 
also some hydrogen with it, accompanies the oxygen 
to the cathode. The old question is, in fact, not yet 
finally answered : is chemical combination due to 
the joining together of electrically charged atoms ? ^ 
in other words, is “ chemical affinity ” identical with 
electricity ? This may be true of acids, bases, and 
salts, but there is nothing to lead us to suspect that 
the atoms of carbon, hydrogen, and oxygen in sugar 
are held together in any such way. If thp chemical 
energy of the sodium and chlorine becomes electrical 
when common salt dissolves, there is no obvious 
reason why the chemical energy of the sugar 
should not, at least in part, undergo a correspond- 
ing change, and give an electrolyte, of which the 
hydroxyl present in the sugar molecule would 
naturally be the negative ion. Sugar, however, 
shows a normal osmotic pressure, and does not 
conduct electrolyticaUy. 

The only compounds of carbon which are capable 
of pure electrolytic decomposition are those which 
play the part of acids, and in such cases the carbonyl 
group, CO.OH, is usually present, and is resolved 
into H, which goes to the cathode, while the CO.O 
passes to the anode, dragging with it all the remain- 
ing carbon, hydrogen, and other atoms which are 
attached to it in the compound. It is easy enough 

^ In recent lectures at the Royal Institution Sir X X Thomson 
has given reasons for believing that chemical combination does not 
tahe between atoms oppositely oharged with electricity- See 
also the Bakerian Lecture/* Proc. Pop. Soc., 1- 
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to see why the conductivity of trichloracetic acid, 
GClg.COOH, so greatly exceeds that of acetic acid, 
for the anion has not the burden of hydrogen atoms 
to carry to the electrode, but has in the chlorine 
a passenger which actually helps to row the boat 
across. 

Nitrogen is another element about the capability 
of which to form an ion there was at one time 
some room for doubt. Ammonia is not an electro- 
lyte unless dissolved in water, and then it behaves 
as a hydroxide. Nitric acid is resolved into H and 
NO 3 , which is further broken up by electrolysis. 
The only compoimd in which nitrogen alone figures 
as an ion appears to be hydrazoic acid, or diazo- 
imide, HNg, of which the ions must be H and Ng. 
By electrolysis of its aqueous solution it is resolved 
into hydrogen and ordinary nitrogen (Jov/rn. .Ohem. 
80 c., 77, 606, and 705). 

Electrical discharges are capable, however, of pro- 
ducing other effects than those which are manifested 
in the electrolysis of liquids. So long ago as the 
end of the eighteenth century it was observed that 
a peculiar smeU was developed in the air near a 
frictional electrical machine, and the cause of this 
was shown by Schonbein^ in 1840 to be due to 
the production of a peculiar substance, ozone, which 
later researches identified with an allotrope of oxygen. 
The use of the so-called silent discharge was later 
adopted by Berthelot, and one of the most interest- 

^ For the history of Ozone, see Odling, Proo> Roy, Inst.^ 1872. 
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ing results of his experiments was the production 
of persulphurie anhydride The silent dis- 

charge, as well as the spark and the arc, appears to 
produce its effect by local sudden heating followed 
by rapid cooling, and the products usually consist of 
compounds formed by the union of the gases present, 
or products of condensation like ozone. Some of 
these interactions have assumed within recent years 
considerable commercial importance, as, for example, 
in the condensation of atmospheric nitrogen and 
oxygen in the synthetic manufacture of nitrates,® and 
in the combination of nitrogen and hydrogen for 
the production of ammonia. 

But the most surprising results have been observed 
when the discharge is caused to pass through a gas 
under pressure considerably below the ordinary 
atmospheric pressure. From the time of the in- 
vention of the induction coil, the phenomena ex- 
hibited by the discharge through rarefied gases, the 
glow, tmequal at the two poles, the stratification of 
the luminosity, and so forth, have attracted consider- 
able curiosity. But improvements in the means of 
producing a high vacuum, and in particular the 
invention of the Sprengel and other forms of mercury 
pump, led to the discovery of very remarkable facts. 
In the hands of Sir William Crookes* the phenomena 
led him, about 1879, to the conception of the ultra- 
Oompt, 86, 20. 

* Bee The Utilisation of Atmospheric Nitrogen,’* by Professor 
Orossley, F.K.S., I^7iarm€io^utical Journal^ March 1910* 

^ jProo. iZoy. 80, 469 (1880]^ 
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gaseoxls state of matter in wkich. the mean free 
path of the molecules is supposed to become so long 
that they interfere with one another by collision to 
a comparatively slight extent. 

The stream from the cathode is deflected by the 
approach of a magnet, and when it strikes on the 
wall of the containing vessel, or on any solid placed 
in its path, it produces incandescence or phosphores- 
cence. At the same time there is generated another 
kind of radiation discovered by Rbntgen, and usually 
spoken of as the X-rays. These are capable of pro- 
ducing photographic effects, and are peculiar in the 
power they possess of passing through many sub- 
stances which are opaque to ordinary light. These 
X-rays are not supposed to be material, for they are 
not deflected by a magnetic or electric field. On the 
other hand, the cathode rays, which were supposed 
by Crookes to consist of electrically charged molecules 
travelling with great velocity, have been shown by 
Professor J. J. Thomson^ to consist of negatively 
electrified particles much smaller than molecules of 
ordinary matter. The methods by which this re- 
markable result has been arrived at are described in 
Thomson’s works (Oonduction of Electricity through 
Gases, and The Corpuscular Theory of Matter'). 

These minute particles, which have a mass approxi- 
mately that of an atom of hydrogen, were 

originally spoken of as corpuscles, but the name 
“electron,” fibrst .used by Johnstone Stoney, is now 

■ 1 Pha. Mag., 4^, 293 (1897). 
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most usually applied to ttem. That the charge they 
carry is negatiYe is shown by the way in which 
they are deflected in an electric field, and since 
one kind of electricity is never manifested without 
the development of an equal amount of the oppo- 
site sign, positively charged particles are to be 
expected. These have been recognised proceeding 
from the anode, and when a perforated cathode 
is used they form part of the rays which pass 
backwards through the hole in the plate. The 
latter are known as canal rays or TcarwZstrahl&n?- 
These positive ions, however, have a much greater 
mass, which is never much less than that of the 
hydrogen atom. 

Negative corpuscles are produced in other ways, 
as by the action of heat on metals and other kinds 
of matter, and from radio-active substances, especially 
radium, and from these observations has been de- 
veloped a remarkable corpuscular theory of matter 
(J. J. Thomson in the work already cited). 

This theory assumes that the atom of the chemist 
is not the ultimate unit. Every atom must consist 
of a mass of electrons held together within a shell 
of positive matter equivalent in amount, so as to 
produce a condition of electrical neutrality. When 
chemical combination exists between two atoms, it 
is assumed that each possesses a number of unit 

^ For the resaarkable results obtained in tbe investigation of 
these rays, see the “ Bakerian Leetere (May SS, 1018 ) to the 
Boyal Society by Sir J. J. Thonmon. 
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ctarges of electricity ^ ' proportional to its valency, 
and opposite in sign to the charges possessed by 
the atom "with which it is united. Now what is 
called a charge of electricity apparently depends on 
the addition of an electron to an atom, or the sub- 
traction of the same amount from it, so that a 
negatively charged atom is associated with one or 
more additional electrons, while a positive atom has 
lost one or more electrons. Ramsay® has proposed 
to regard the electron as an element and to repre- 
sent it as a substantial link which binds atoms 
together in chemical imion. When ionisation occurs 
the atoms are separated, the electrons remain attached 
to one kind giving them electro-negative characters, 
while the others having no attached electron exhibit 
electro-positive characters. 

A remarkable recent result of the study of the 
electric discharge through gases is the production 
of a chemically active modification of nitrogen.® Its 
activity is manifested by the power it possesses of 
combining directly with metals and of attacking 
nitric oxide and other gases when mixed with them. 
It has long been known that some gases in a vacuum 
tube show a luminosity after the discharge ceases, 
and this is specially characteristic of this active 
modification of nitrogen. Its activity is attributed 

* The unit charge is 96494 coulombs, or the amount carried by 
107*88 grams, or 1 gram equivalent of silver to the cathode in 
electrolysis. 

® Joum, Cfhem, Soc., 93, 774 (1908). 

^ Strutt, Proe. Roy Soc.^ 85a, 219 (1911). 
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to the presence of dissociated atoms of nitrogen, 
their reversion to the condition of ordinary nitrogen 
being accelerated when cooled in liquid air, the glow 
apparently attending this process. 

In 1880 Professor H. B. Dixon discovered the 
remarkable fact that a mixture of carbonic oxide 
and oxygen completely dried is not inflamed by 
the passage of an electric spark in contact with the 
gas. This attracted attention to other facts pre- 
viously known, which seemed to prove that chlorine 
in the absence of moisture was very ftir from being 
the active substance commonly supposed. Chlorine, 
it is now known, may bo kept in contact with 
sodium, or with copper, for years without tarnishing 
the lustre of the metal, provided both have been 
most carefully dried, while on the introduction of a 
drop of water instantaneous combination occurs. 
Other experiments by Professor Brereton Baker 
have demonstrated that the combustion of carbon, 
sulphur, and even phosphorus in oxygen is pre- 
vented at temperatures considerably above the 
ordinary igniting points of these substances if 
moisture is removed as completely as possible,* and 
that even ammonia and hydrogen chloride,* and 
nitric oxide and oxygen do not combine when both 
gases are perfectly dry. On these and some other 
results attempts have been made to construct an 

J3rU, Assoc, 60S (3.880). 

* Proo, jRa^, 3oc*^ 46, 1-S (1888)» 

» Joum. Cfhsnu JSoc., 61X-684 {1804). 
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electro-chemical theory of combination, which, how- 
ever, requires that in all cases of union a small 
quantity of some third substance, not necessarily 
water, must be present. It will be necessary, how- 
ever, to study the conditions of chemical change 
yet more fully and completely before anything more 
than partial and tentative hypothesis will be within 
reach. 
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CHAPTER IX 

DISCOVEBIES EELATINa TO THE LIOtJEFACnON 
OF GASES 

It is perhaps not surprising that the older chemists, 
doTvn to the middle of the seventeenth eenttiry, 
should have been almost entirely ignorant as to the 
relation of “volatile spirits” and air to other kinds 
of matter, and that no clear distinctions could be 
dravTi between the different kinds of air, whether 
as to chemical composition or physical properties, 
till the experiments of Black, Priestley, Cavendish, 
and Lavoisier in the middle of the eighteenth century 
brought so much new light upon this difficult sub- 
ject. Eor, down to our own day, notwithstanding 
exact knowledge as to their composition, a purely 
arbitrary distinction prevailed between “ permanent ” 
gases and other kinds of vaporisable substance. We 
owe the abolition of this artificial and baseless dis- 
tinction, and our present convictions as to the unity 
of the essential nature of all terrestrial matter, to a 
long course of experimental inquiry, the history of 
which during these later years forms a tangled web, 
the several threads of which are very difficrdt to 

806 U 
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follow clearly, and tlie pursuit of wKieh would not 
be very profitable to the student.^ 

The first recorded reference to the liquefaction of 
a commonly recognised gas occurs in Fov/rcroy’s 
Ch&mistry, vol. ii. p- 74, where it is stated, without 
any description of the process, that Citizens Monge 
and Clouet have liquefied sulphurous acid (sulphur 
dioxide). The next experiment of the same kind 
was made by Northmore, who, in 1805, reduced 
chlorine and probably also sulphurous acid to the 
liquid state by compressing the gas, by means of 
a brass condensing syringe, into a pear-shaped glass 
receiver.® From this time till the subject was taken 
up by Faraday no gases were reduced to liquid, but 
in the interval Cagniard de la Tour carried out his 
remarkable investigation into the action of heat 
upon volatile liquids.® By heating to various tem- 
peratures water, or ether, or alcohol, contained in a 
gun-barrel stopped at each end, ho was able to 
prove that such liquid may be wholly changed into 
vapour, notwithstanding the existence of an enor- 
mous pressure, and in the case of ether the vapour 
thus formed occupies a volume less than twice the 
volume of the liquid from which it is produced. By 

1 A tolerably complete and impartial statement of the oontribn. 
tions made to the subject of the liquefaction of gases by various 
experimenters who have devoted themselves to it, is given by 
Prince Exopotkin in the NinetemtJt, Centvry for Aug. 1898. For 
more recent results see article “ Liquefaction ” in Thorpe' t ZKetioiHcry, 
new ed., vol. iii. 

* Nieholeon’t Journal, xii. and xiii. 

* Snd series, 21, 127, 178, and 22, ilO. 
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enclosing a stone ball in the tube along with the 
liquid, he was able to tell when the liquid had 
entirely evaporated by the character of the sound 
produced within by rolling the ball to and fro, and 
he even succeeded in making some rough estima- 
tions of the pressure of the vapour within. Similar 
results were afterwards obtained in glass tubes. 

The researches which ultimately led to the lique- 
faction of all known gases were begun by Faraday 
and Davy in 1823. The example of steam, which 
is known to be condensable to liquid water either 
by cooling or by pressure, would lead naturally to 
the belief that some at least of the substances called 
gases might be vapours of very volatile liquids con- 
densable like steam to liquid. In dealing with a 
gas two methods present themselves when the object 
is to subject it to pressure: the one already used 
by Northmore consists in the direct application of 
mechanical pressure by means of a pump ; the other 
consists in enclosing materials from which the gas 
can be generated within a tube strong enough to 
resist the pressure of the gas as it accumulates. 
The latter was the method used by Faraday. The 
first case examined was that of chlorine, which had 
been found by Faraday himself to form a crystalline 
compound with water. It is now a little doubtful 
what idea led to the heating of these crystals in a 
closed tube, and whether it occurred first to Davy 
or to his assistant. Faraday had been previously 
occupied with chlorine, and had discovered two 
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clilorides of carbon in 1820. But Davy seems to 
have suggested the experiment which led to the 
observation of liquid chlorine, and to have regarded 
the condensation of the gases as his own subject 
(see Faraday’s Researches, p. 139). Immediately 
after this muriatic acid was liquefied by a similar 
method, in which the materials used were sal-am- 
moniac and sulphuric acid, and Faraday, there can 
be no doubt, was the operator. Faraday also lique- 
fied in glass tubes sulphur dioxide, sulphuretted 
hydrogen, carbon dioxide, nitrous oxide, euchlorine, 
cyanogen, and ammonia. There then remained only 
the gases of the atmosphere, namely, oxygen and 
nitrogen, beside hydrogen, marsh gas, carbonic oxide, 
and nitric oxide, which resisted all attempts by this 
method to change their state, and arsenetted hydro- 
gen, hydriodic and hydrobromic acids, which were 
easily overcome by Faraday when some twenty 
years later he resumed his experiments upon the 
subject. In the meantime Thilorier in Paris, acting 
upon the same principle, with the substitution of 
metallic cylinders for glass tubes, prepared large 
quantities of liquid carbon dioxide, and was the first 
to obtain this substance in a solid state.^ For this 
purpose he used the now familiar method of allowing 
a jet of the liquid to escape through a fine orifice 
into a box of peculiar construction, where, in con- 
sequence of the evaporation of a portion of the 
liquid, the rest is chilled below its freezing point, 
1 Jkmh OMm., 60 m. 
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and accumulates in tlie form of a fine snow-like 
powder. This solid material has ever since played 
a prominent part in many experiments requiring a 
low temperature, and though it is not by the aid of 
solid carbon dioxide that the most remarkable results 
have been obtained, it remains to this day an ex- 
tremely valuable cryogenic agent. In 1845 Faraday 
published ^ the results of further attempts to liquefy 
the gases remaining imsubdued by his earlier method. 
He now employed two pumps for compression, and 
glass globes fitted with stop-cocks as receivers. The 
latter he cooled to a temperature of 166° F. below 
zero, by means of solid carbon dioxide and ether boil- 
ing under reduced pressure. In stating the con- 
siderations which led him to employ this agent, and 
in discussing the want of success in dealing with 
the six so-called permanent gases, Faraday evidently 
had ideas which came very near to an anticipation 
of the important principle established twenty years 
later by Andrews. With regard to the experimental 
conditions he says, “ As my hopes of success, beyond 
that heretofore obtained, depended more upon de- 
pression of temperature than on the pressure which 
I could employ in those tubes, I endeavoured to 
obtain a stiU greater degree of cold. There are, in 
fact, some results producible by cold which no 
pressure may be able to effect. Again, that beauti- 
ful condition which Cagpiard de la Tour has made 
known, and which comes on with liquids at a certain 
^ P 7 iM . Tram , (18^), 156, OoUectad Worhe , p> 96. 
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heat, may have its point of temperature for some of 
the bodies to be experimented with, as oxygen, 
hydrogen, nitrogen, &c., below that belonging to the 
bath of carbonic acid and ether; and in that case 
no pressure which any apparatus could bear would 
be able to bring them into the liquid or solid state.” 
And later on he observes that “ the temperature of 
— 166° F. below 0°, low as it is, is probably above 
this point of temperature for hydrogen, and perhaps 
oxygen and nitrogen; and then no compression, 
without the conjoint application of a degree of cold 
below that we have as yet obtained, can be expected 
to take from them their gaseous state.” 

Here, then, the resources of the physical labora- 
tory seemed to have been exhausted, and it is 
probable that, slowly as successive steps toward 
the desired end, the reduction of the remaining 
intractable gases, seemed to bo accomplished, pro- 
gress would have been still further delayed but 
for the important experiments of Andrews, which, 
though earned on during many years, were not 
published in ecat&nso till 1869.*' Previously to 1863 
Dr. Andrews had observed that " on partially lique- 
fying carbonic acid by pressure alone, and gradually 
raising at the same time the temperature to 88° F., 
the surface of demarcation between the liquid and 
gas became fainter, lost its curvature, and at last 
disappeared. The space was then occupied by a 

i « Ojx tbe Oontinuity x>S the Gaseous and Liquid States of 
Hatter ” : The Bakerian Iieotare {Phil. ZVans., 1868, il. S76). 
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homogeneous fluid, ■which exhibited, "when the 
pressure was suddenly diminished or the temperature 
slightly lowered, a peculiar appearance of moving 
or flickering striae throughout its entire mass. At 
temperatures above 88° no apparent liquefaction ^ of 
carbonic acid, or separation into two distinct forms 
of matter, could be effected even when a pressure of 
300 or 400 atmospheres was applied.” Andrews 
then proceeded to make a series of exact compari- 
sons of the volume assumed by carbon dioxide and 
air when submitted to pressure at successive degrees 
of temperature starting from that of the air. The 
results are most easily intelligible with the aid of 
the diagram given in the Bakerian Lecture. Here 
the curves are drawn ■with reference to two axes 
of rectangular co-ordinates; the volumes occupied 
by the gases being the ordinates, and the pressures 
the abscissae, while the temperatures marked on each 
curve axe maintained constant. 

The difference in the beha-viour of carbon dioxide 
and air when submitted to gradually increasing 
pressure at the temperature of the air is well shown 
by the curves. While air is steadily reduced in 
volume as pressure increases, from 1 up to 110 
atmospheres, carbon dioxide contracts at all tempera- 
tures more rapidly than would be indicated by 
Boyle’s law, and at the pressure of 49‘89 atmos- 


’ It is interesting here to compare Faraday’s remark in 1845 ; 
“ a am inclined to think that at 90® Cagniard de la Tour's state 
comes on with carbonic acid .” — Collected Works, p. 109. 
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pheres liquefaction begins. This is shown in the 
curve marked 13°-1 by the sudden change from a 
slope to a vertical direction. The other curves 
show the nature of the volume changes which ensue 
when the same increase of pressure is applied at 
higher temperatures. Above 30°’92 O. or 87°‘7 F. 
Andrews found that no pressure was capable of 



producing visible liquefaction. This temperature, 
then, is called the critical point; below this lique- 
faction occurs when sufficient pressure is applied, 
above it carbon dioxide behaves more nearly like 
a permanent gas in proportion as the tempera- 
ture is raised. All other gases behave in a similar 
way. 

On this series of observations Andrews was able 
to base an interesting distinction between a “gas” 
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and a “ vapour,” terms wliicli up to this time 
had been used in an uncertai n and arbitrary way. 
“Ether,” he says, “in the state of gas is called a 
vapour, while sulphurous acid in the same state is 
called a gas ; yet they are both vapours, the one 
derived from a liquid boiling at 36°, the other 
from a liquid boihng at — 10°. . . . Many of the 
properties of vapours depend on the gas and liquid 
being present in contact with one another, and this 
we have seen can only occur at temperatures below 
the critical point. We may accordingly define a 
vapour to be a gas at any temperature under its 
critical point. ... If this definition be accepted, 
carbonic acid will be a vapour below 31°, a gas 
above that temperature ; ether a vapour below 200°, 
a gas above that temperature.” 

The ndost important deduction from the resTilts of 
these experiments, then, supplies a clear explanation 
of the difiBculty encoimtered in attempting the 
liquefaction of the, six exceptional gases. Up to 
this time the lowest temperatures attainable had 
been above the critical points of all of them. It is 
now known that the critical temperature of oxygen, 
for example, is about — 118°'8 C., and that of nitrogen 
— 146°' C. It was not till towards the close of the 
year 18Y7, that two experimenters working along 
distinct lines arrived by the use of two different 
methods at substantially the same result. On the 
24th December 1877, at the meeting of the 
French Academy, two commianications annoTmcing 
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the liquefaction of oxygen were received, the one 
from M. Raoul Pictet of Geneva, the other from M. 
Louis Oailletet’- of Chatillon-sur-Seine. Pictet^ em- 
ployed what was essentially the method of Faraday, 
that is, he generated the gas within a closed vessel, 
where by its accumulation pressure was generated, 
and he cooled the tube containing the gas. He 
attained the success which was denied to Faraday, 
by the more efficient cooling of the gas. By means 
of the evaporation of liquid sulphur <lioxido, the 
temperature of — 65° C. is reached, and at this point 
carbon dioxide is easily liquefied. By the rapid 
boiling of the liquid thus produced, the temperature 
of — 140° O. is attained. This is below the critical 
point for oxygen, and the pressure employed by 
Pictet in his first experiments, amounting to about 
476 atmospheres, was, therefore, excessive and 
unnecessary. Liquid oxygen was formed in con- 
siderable quantity, but the announcement in the 
following month of the liquefaction and solidification 
of hydrogen was evidently based upon some error 
of observation, for we now know that the critical 
temperature of hydrogen is nearly 120° lower in 
the scale. 

Oailletet employed an apparatus, ever since 
familiarly known as a laboratory appliance under 
the name of the Oailletet pump, whereby a gas 

1 De la condensation de I’oxygtoe et de Toxyde de Carbone^** 
li. Oailletet (CoT^pt. Mend., 85, mZ). 

^ “Bxp^enoes eur la liquefaction de l^oxyg^ne/" R, Pictet (Oompt, 
Mend., 85, IBU). 
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can be submitted to considerable pressure, and 
wben greatly reduced in volume the pressure can 
be suddenly relieved. Under these conditions the 
expansion of the gas produces cooling, in conseq^uence 
of which a portion of it appears in the form of 
minute droplets, of which a part remains suspended 
in the gas, giving the appearance of a cloud, and 
part usually collects in visible streams upon the 
side of the tube containing it. With this apparatus 
Cailletet reduced to the liquid state oxygen and 
carbonic oxide, beside ethylene and acetylene, mflysb 
gas and nitric oxide. 

Two now remained of the original six uncon- 
densable gases, namely,- nitrogen and hydrogen. 
Nitrogen yielded in 1883, in the hands of the 
Polish Professors Wrdblewski and 'Olszewski ; ^ but . 
hydrogen resisted for many years the almost con- 
tinuous efforts which were made to collect it in 
the liquid form, though in 1884 Wrdblewski® 
announced that he had observed an appearance of 
ebullition as of liquid in the gas under experiment. 
This was contradicted by Olszewski, who in his 
turn almost immediately afterwards® declared that 
he had obtained a similar effect under somewhat 
different conditions. The difficulties of the investi- 
gation now increased enormously, and it is not 
surprising that progress was slow, considering both 
the great pecuniary cost of the work, involving as it 

^ Cornet. JZemZ., 96, 1140 and 1225. 

* md., 98, 304. Ibid., 98, 366. 
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did the construction of much expensive apparatus, 
and the use of large quantities of liquefied gases, as 
well as the considerable personal risk involved in 
the employment of the very high pressures which 
the various reservoirs of gas were required to 
sustain. Henceforward, for nearly twenty years no 
new principle was introduced. Caillotot in 1882 
recommended the use of liquid ethylene for the 
production of low temperatures, and when by the 
aid of ethylene oxygon in a liquid state could be 
obtained in fairly large quantity, this also was 
employed as a refrigerant. The application of 
external cold to the vessel containing the highly 
compressed gas was also associated with the cool- 
ing effect produced by expansion as in Cailletet’s 
method, and it was in this way that nitrogen was 
first liquefied by Wroblewski and Olszewski in 1883, 
as already mentioned. By a similar process Olszewski 
got evidence of the liquefaction of hydrogen, and 
was able a few years later to determine its critical 
temperature and boiling point ^ with some oonysider- 
able approach to accuracy. 

About this time, namely, in 1884, the production 
of low temperatures and the liquefaction of gases 
be<^me a subject of research in the laboratory of 
the BiOyal Institution, under Professor Dewar. He, 
like the Russian chemists, employed liquid nitrous 
oadde and ethylene as cooling agents, but save in 
the dimensions of the apparatus, no easential dififer- 

» pm. Mag., Aag, 18«6. 
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ence is apparent in the published accounts of the 
methods of procedure, the principles imrolTed being 
exactly the same. The collection of large quanti- 
ties of liquid oxygen and liquid air has, however, 
provided the means of producing and maintaining a 
low temperature for a length of time, sufficient to 
allow a nmnber of important investigations to be 
carried on, which have resulted in the discovery of 
many interesting facts relating to the physical and 
chemical properties of matter at temperatures not 
far above the absolute zero. Some of these will be 
referred to later on. 

In the course of this work an ingenious device ot 
Professor Dewar’s has provided the means of avoid- 
ing one serious difl&culty. Of course all objects at 
the common temperatuue of a room are at some 
200 degrees Centigrade above the boiling points of 
these very volatile liquids, and hence any glass or 
other vessel used for their collection is relatively 
very hot. When the liquid is poured into such a 
vessel violent boiling at first occtirs until the tem- 
perature of the glass is reduced to that of the 
liquid. But even then heat passes from the air 
into the walls of the vessel, and so to the liquid, fast 
enough to cause very rapid evaporation and loss. 
This is avoided by immersing the vessel in which 
the liquid is to be collected in a second vessel, also of 
glass, united with it at the mouth, and completely 
removing the air from the space between the two. 
Across such a vacuous space no heat can be brought 
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by conYectioH of air, and as under ordinary circum- 
stances the amount of heat which is radiated to the 
contents of such a jacketed receiver is relatively 
small, vessels of this kind afford the means of storing 
liquid air, or oxygen, oven for days, while the rate 
of evaporation becomes exceedingly slow. 

The year 1895 will bo memorable for the introduc- 
tion of a principle which, though previously known, 
had never before been made the basis of a method 
for effecting the cooling of a compressed gas. It 
has, of course, long been known that when a gas is 
compressed it becomes heated, and if the operation 
is performed quickly, so that there is no time for 
much loss by radiation or conduction, the tempera- 
ture may be raised very considerably. This is often 
demonstrated by the use of the so-called “ fire 
sjringe,” which consists of a strong glass tube closed 
at one end and fitted with a piston. By introducing 
a drop of an inflammable liquid, such as ether or 
carbon bisulphide, and then suddenly forcing down 
the piston, so as to squeeze the air into a relatively 
small volume, a flash of light is seen, which is pro- 
duced by the ignition of the mixed air and vapour 
in the tube. Supposing a quantity of air compressed 
by a piston in a similar manner, and the heat dis- 
engaged is allowed to pass away, upon allowing the 
gas to expand again, and so to lift the piston against 
the pressure of the atmosphere, a corresponding 
oooling effect will result, and the temperature of the 
air will be lowered, This is, in faot^ the principle 
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made use of in tlae most ordinary refidgerating 
macMnes, whichi are used for maTd ng ice for pre- 
serving meat, and for other purposes. 

About 1844 Jotde made a number of experiments 
upon this subject, and demonstrated that the cold 
produced by the dilatation of a gas results from 
the conversion of heat into work in accordance with 
the universal principle. He thought at first that 
if the dilatation was so arranged that the gas did 
no work, then no cooling would result. But it was 
pointed out later by Professor W. Thomson^ (Lord 
Kelvin), that this is only approximately true for 
ordinary gases, which do not strictly comply with 
the gaseous laws connecting volume with pressure 
and temperature, and that some cooling would occur 
tmder such conditions, the effect being the greater 
in gases which, like carbon dioxide gas, were less 
perfect than others, like air. This was verified by 
experiment, gases under considerable pressure being 
allowed to escape through a porous plug. Air at 
16° O. was found to be reduced in temperature 
about *26 of a degree Centigrade for each atmos- 
phere of release, oxygen at 0° was cooled *316° O., 
and carbon dioxide 1*262° O. per atmosphere. The 
amount of such cooling is approximately inversely 
as the square of the absolute temperatmre, so that 
the colder the gas is while under pressure the more 
it is cooled by release. At about —130° C. com- 

^ Thomson’s Mathevna^tieal and Physical Pajpers, vol. i. (“ Thermal 
Bffeotis of Fluids”). 
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pressed air is cooled to the extent of about 1° per 
atmosphere taken ofF- 

This principle has been applied not only by 
Caillotet in the apparatus successfully used in the 
liquefaction of oxygen, but by later workers in the 
various attempts to reduce oxygen to the liquid 
state. Thiis Olszewski, in 1884, exposed hydrogen 
gas under a pressure of about 150 atmospheres to 
the temperature of — 211® by means of liquid oxygen 
boiling under reduced pressure. The pressure of the 
hydrogen was then reduced to about 20 atmos- 
pheres, and being thus reduced in temperature below 
its critical point a portion of it was liquefied. 

W. Siemens, in IBSt, seems to have had the idea 
of “ regenerating ” cold by applying the same prin- 
ciple which is used in his well-known regenerative 
furnace for the storage of heat, but this idea was 
never carried into practice. Later, in 1886, Solvay 
patented a process based upon the same principle, 
which involved the use of an expansion cylinder. 
By such methods, however, the difficulty of exclud- 
ing access of heat from without puts a rather narrow 
limit upon the amount of cooling actually attainable. 

More recently a method has been devised by 
which such cooling effect can be made practically 
cumulative, the gas while still under pressure being 
cooled by another portion of the same immediately 
aSm release. A deseriptaon of such ap;^ratus by 
wMch practical results upon a large scale were ob- 
la^eiab^ was given for the first time by Herr Linde, 
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an engineer, of Munich ; ^ but a patent for an appli- 
cation of the same principle had been obtained pre- 
viously (May 28, 1895) in England by Dr. W. 
Hampson.^ Both machines have since undergone 
modification in detail, and are now employed suc- 
cessfully on a manufacturing scale for the lique- 
faction of air for use as a refrigerating agent, and for 
other purposes. It is impossible to describe the ap- 
paratus in detail without the use of many diagrams, 
but from what has already been said it will be easily 
anticipated that it is only necessary to provide a 
spiral copper tube having a fine hole at its extremity 
for the escape of the compressed gas, and a metal 
cylinder surrounding the coil through which the gas 
enters, so that the gas cooled by expansion is made 
to return over the coils of pipe before escaping into 
the air. The entering gas thus has its temperature 
continuously brought lower and lower, till at last it 
is reduced below the critical point of the gas, and 
the pressure being sufficient a portion of the gas 
liquefies, and is blown in drops and spray out of the 
hole at the end of the spiral. Of course the whole 
arrangement requires to be very efiiciently protected 
by non-conducting material against the entrance of 
heat from the outside air. 

By such means, then, all those substances formerly 
spoken of as “ permanent ” gases have been seen in 

1 An account of these experiments was given in the Engineer ^ ’ 
Oct. 4, 1896 ; and later more fully in the Howard Lectures, by Pro- 
fessor Ewing {Journal of the Society of Arte^ 1897, p- 1091). 

* Described in the Journ. Soc* Chem^ 1898, 17, 411. 

X 



322 THE TBOGBESS OF SCIENTIFIC CHEMISTBY [CHAP. 

the liquid state, and most of them also in the form 
of solids. Nevertheless, of the long-known gases 
hydrogen alone remained unobtainable in quantity 
to allow of its more complete study. The boiling 
point and critical temperature were known approxi- 
mately from the experiments of Olszewski, but all 
attempts had failed to liquefy the element in such 
quantity that it could be retained in an open vessel 
under atmospheric pressure. This important and 
interesting resxilt was ultimately achieved in the 
laboratory of the Eoyal Institution under the direc- 
tion of Professor Dewar. The apparatus employed 
was somewhat more complicated than that which is 
required in the case of air or oxygen, as it is neces- 
sary to cool the gas strongly before using the self- 
intensive process already described. This arises from 
the fact that at the temperature of about — 80° C. 
in the case of hydrogen the Joule- Kelvin effect is 
reduced to zero.^ It is gratifying to reflect that 
this should have been accomplished in the Royal 
Institution, where the first successes in this field were 
won by Faraday. The facts are as follows : 

On May 10, 1898, hydrogen was for the first 
time seen to drop from the nozzle of the apparatus 
into a specially constructed receiver, where some 
20 cubic centimetres, or nearly three-quarters of a 
fluid oxmoe, collected in about five minutes. I^azger 
quantities have since been obtained, but the propor- 

1 Trarers has desoribsd a modlfioaUon of tfaa Hampsoa Uquaflar 
asliag llqaid air tio oool ih« fajrdrogWB.— Itoff., 1901 (6), 1, 4X1. 
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tion of tlae wliole gas reduced to tlie Kquid state was 
in tlie earlier experiments only about 1 per cent. 

Hydrogen in tbe liquid state is a clear, colourless 
liquid wbicb exhibits a well-defined surface. It is 
remarkable for its low density. This was determined 
by measuring the volume of tbe gas obtained by 
evaporating 10 cubic centimetres, and was found to 
be rather less than 0*07, or about one-fourteenth the 
density of liquid uoater at 0“. One interesting point 
as to the relations of hydrogen seems to have been 
settled by these results. The favourite idea, probably 
originating with Graham, and generally held for many 
years, has been that hydrogen was the vapour of a 
very volatile metal. Its association with the metals 
in chemical and electrolytic decompositions, and. the 
absorption of large quantities of the gas by palladium 
without loss of its metallic properties, always seemed 
to be consistent wdth this notion. But it is now clear 
that hydrogen in the liquid state does not exhibit the 
characteristics of a metal, but seems rather to find 
its nearest analogues in the gases of the paraffin 
series, marsh gas and the rest, though liquid 
hydrogen has only about one-sixth the density of 
liquid marsh gas. The boiling point of this wonder- 
ful liquid was found by later experiments to be 
about 262°— 253° below the Centigrade zero, and 
therefore about 20° above the hypothetical absolute 
zero. At about 4° lower it freezes into a vTaxy solid. 

There now remained only one of the known gases 
which resisted all attempts to change its state, namely, 
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the inert gas helium. And for ten years it retained 
this exceptional position. As its molecular and 
atomic -weight is 4, while the molecular weight of 
hydrogen is 2, it might perhaps have been expected 
to yield more readily, and its peculiarity is doubtless 
attributable to its monatomic constitution. Not- 
withstanding many attempts and some premature 
annoimcements, it was not till 1908 that definite 
liquefaction of helium in quantity which admitted 
of no mistake was announced from the cryogenic 
laboratory of Professor Kamerlingh-Onnes at Leiden.^ 
Two hundred litres of helium specially purified from 
traces of hydrogen were cooled by means of liquid 
hydrogen, and at this low temperature circulated 
though the liquefier. More than 60 cubic centi- 
metres (over 2 fluid ounces) of liquid helium wore 
obtained. The boiling point of the liquid is approxi- 
mately 4®‘6 absolute, or 268®-269® C. below 0® O. 
Though made to boil under diminished pressure it 
did not solidify. The density of the liquid is 0‘15. 
In this operation probably the lowest temperature 
ever obtained has been reached. It is estimated to 
be below 2*6® absolute. 

The question so often debated as to what would 
happen if a gas could be cooled to this absolute zero 
is already partly answered. All gases change to 
liquid before the zero is reached, but what would 
ensue if the liquid could be deprived completely of 
heat remains a question, know that when a 

' Ootr^. JSmd., 1908 t 147 , 421 . 
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liquid is made to boil it carries off heat — so-called 
latent heat — in the resulting vapour, and if changed 
into vapour by reduction of pressure only, the latent 
heat is supplied at the expense of its own sensible 
heat, and cooling is the result. As already stated, 
liquid helium has given the best result. 

In such cases, of course, all ordinary thermometers 
are useless, and temperatxures have to be determined 
by a platinum resistance coil. But since the electrical 
resistance of metals is much affected by changes of 
temperature, the estimates arrived at can be only 
approximate. It seems likely, therefore, that the 
absolute zero of the thermometric scale will remain 
for some time a subject upon which the scientific 
imagination can continue to be exercised. 


BIOGRAPHICAL NOTES 

Louis Oaillbtet, ironmaster at Ohatillon-sur-Seine. 

Louis Clouet, born 11th Nov. 1751. Professor of Chemistry 
at the School of Engineering at M4ziferes, then director of iron- 
works near Sedan. 

Died 4th June 1801. 

Jambs Dbwar, Knt., M.A., LL.D., &c., E.R.S., Jacksonian 
Professor of Natural Experimental Philosophy in the Uni- 
versity of Cambridge, Pullerian Professor of Chemistry in the 
Royal Institution. 

Antoine FiiANgoiB Eoukobot, born 15th June 1755. The 
son of an apothecary. Succeeded Macquer as Professor of 
Chemistry at the Jardin des Plantes, 1784. Associated with 
Berthollet, De Morveau, and Lavoisier in promulgating the 



320 THE progkeSkS of scientific chemistry 

new system of nomenclature followinj^ on the discovery of 
oxyf^en. 

Died 16th Doc. 1809 

[Poggendorff’s Hamhvorirrhuch See also (Irinunix's Lurm- 

Hexkk Kamkrunoh-Oknes, Ph.D. CJroningen, Professor of 
Physics, University of Leiden, Holland. 

Carl Paul Gottfhikd Linde, PIlD. Gottingen, engineer. 
For some years Professor in the Technical Iligli Hchool at 
Munich. 

Gaspard Monoe, born lOth May 174(i at Beattne. Professor 
of Mathematics at the Military Bchool of Mcsi^rea. Held 
several offices successively in Paris. Director of Ordnance 
under the Reptiblic in 1794. Accompanied Napoleon to Egypt, 
and became President of the Egyptians Institute, Sleeted 
Senator 1804, and created Count, 

Died in Paris, 28th July 1818. 

[PoggendorfTs Hmid^oUrtm^budu} 

Thomas Northmore, born in 1766, M.A. Cambridge. Scien- 
tific amateur. 

Died 20th May 1851. 

ilHctionary of National JHogmphy^^ 

Karol Stanislaus Olssskwski, Professor of Chemistry and 
Director of the Chemical Institute of the University of Krakau, 
Poland. 

Baoul PifeRRE PxoTKT, In 1879 Professor of Applied 
Physics, University of Geneva. In 1886 removed to Berlin. 

Karl Wilhrlm Siemens, Knt., F.B.S., born at Lenthe^ 
near Hanover, 4th April 1822. Came to England in 1842, 
Some years later founded the fiirm of Siemens Brothers, 
electrical engineers. Introduced the regenerative system of 
iumaoes. 

Died 19th K(»r. 1888. 

[OhitoMy, P«w. JBo,. Soe„ toI. 87. 
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OHAPTP^R X 

KAI>IO-ACTIVn'Y 

The interdepondoHOO and indeed the inseparability 
of the two departments of science commonly known 
as physics and chemistry have never boon illustrated 
more remarkably than during the last few years. No 
history of progress in the one department can be 
traced without showing how the methods of experi- 
ment and observation and forms of hypothesis tradi- 
tionally associated with the other are found to be 
indispensable. 

The discovery of the phenomena of radio-activity is 
quite recent, but it has already made very consider- 
able advances, which may bo summarised for the 
chemist by the statement that it has added some 
thirty-seven new substances to the list of “ elements,” 
it has provided new methods of experimental re- 
search, and it has thrown some light on the tantalis- 
ing problem presented by the periodic law, and has 
encouraged further speculation as to the orig^ and 
life history of the elements. The field thus opened 
therefore leads directly to qu^itions concerning the 
very foundations of the physical universe, and though 
at present it affects hut slightly the progress of 
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ordinary chemistry, the future will doubtless see 
profound changes in the theory of chemical action. 

The discoveries which led to the isolation of radium 
originated in the researches of Professor Henri 
Becquerel in connection with the phenomena of 
phosphorescence. The inquiry as to a possible con- 
nection between the emission of Ebntgen’s X-rays 
and phosphorescence led him to examine the action 
of uranium salts, exposed to sunlight, on a photo- 
graphic plate wrapped in thick black paper. On 
developing the plate an impression of the crystal was 
obtained.’ It was immediately afterwards found that 
previous exposure of the crystal to light was not 
necessary to the effect, which was produced equally 
well in the dark, and was evidently due to a property 
inherent in the uranium salt. "Very soon after this 
discovery Beequerel found that the new radiation 
had the power of rendering the neighbouring air a 
conductor, and so discharging electrified bodies. 
These and other experiments were made in the early 
months of the year 1896.^ Later researches by 
G. O. Schmidt® showed that compounds of thoriixm 
possess similar properties. 

About this time the phosphorescence and other 
properties of uranium attracted the attention of 
Madame Marie Curie,® who applied the electrical 

1 Oompt. Rend. (1896), pp. 420, 601, 569, 762, 866, and 1086. 

* Qompt. Rend. (1898)', 1264. 

* ♦* Radio-active Substances : a thesis presented to the Faculty 

des Sciences, Paris. Translated into the Chemical August 

1903. 
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method in measuring the radio-activity of a large 
number of substances, including uranium and thorium 
and their compounds. It was found that all the 
minerals which showed radio-activity contained one 
of these two elements, but certain ores of uranium 
exhibited an activity much greixtor than that of 
metallic uranium. It therefore appeared probable 
that these m inerals contained a small quantity of a 
strongly radio-active substance. Accordingly Madame 
Curie, aided by her husband, Professor Pierre Curie, 
proceeded to subject the pitchblende from the 
Joachimsthal (Austrian) mine to a systematic chemical 
treatment, each product being successively tested for 
its radio-active power. The process led to the separa- 
tion of one strongly radio-active substance accompany- 
ing bismuth, and to this the namef>oic»mtm was ^ven 
by Madame Curio in honour of her native country. 
Another, called radiwm,, which accompanies the 
barium obtained from pitchblende, was separated 
from barium by taking advantage of the difference 
in solubility of the chlorides in water, in dilute 
alcohol, or in dilute hydrochloric acid. Radium 
chloride is less soluble than barium chloride. Later 
experiments led to the bromides being preferred for 
this purpose. 

A third strongly radio-active substance was identi- 
fied in pitchblende by M. Andr4 Debieme,^ and was 
called by him oMiamum, Others hav4 been announced, 
such as radio-lead and ionium, but up to the present 

t (krnvt. JXmd. (1899), 199, K98. and (1900). 180, 306. 
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radium compounds alone have been isolated in a 
pxire state. The atomic weight of radium was esti- 
mated by Madame Curie as the purification pro- 
ceeded, and it was shown to increase in proportion to 
the radio-activity of the material, till in 1907 ^ it 
reached 226-4. A later estimation by Thorpe,® made 
with about seventy milligirams of the salt yielded 
the figure 226-7. Experiments by Ramsay and 
Whytlaw-Gray, using a different method, gave 226-36 
as the atomic weight.® Radium is a bivalent ele- 
ment, and belongs to the same series in Mendel^eff’s 
table as barium, which it resembles closely in its 
chemical reactions and in the properties of its 
salts. 

Metallic radium has been isolated and is found to 
melt at about 700° and to be more volatile than 
barium. Like the alkaline earth metals it decom- 
poses water and forms a soluble hydroxide. The 
chloride and bromide are isomorphous with the 
corresponding compounds of barium. It is, however, 
the physical properties of this element which have 
excited the greatest interest. In the first place, the 
radio-activity of rsidium as measured by its action on 
the electroscope is about 2,000,000 times that of 
uranium, and as the result of the researches of various 
physicists it has been shown that the radiation is 
complex in character. 

^ Campt^ Mend, ( 1907 ), 1 ^ 5 , 422 . 

* Proc, Jtoy, Soo., 80 , 298 ( 1906 ). 

» Proc. M(yy. Soa,, 86 , 286 ( 1912 ), 
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Adopting the notation introduced by Professor 
Eutherford, the rays which are given off frona radium 
and other active bodies are distinguished as a, and y 
rays, and they are recognised and <listinguished from 
each other by their behaviour in a raagnetits field. 
From the mode of their deviation and from their 
different powers of penetrating solid bodies, it has 
been shown that a and ^ radiations consi.st in fact 
of solid particles projected with groat velocity, while 
the y rays are supposed to resemble the ROntgen 
rays. A very remarkable property of radium (and 
of some other active olomonts) i.s the continuous 
omission of a dense chemically inactive gas. The 
fact that it is carried away from the solitl mdio-activo 
substance by a stream of air led to it.s detection. 
It is liberated more readily by heating the ratlium 
compound or dissolving it in water. It esvn he con- 
densed to a Iiqui<i by cooling to about -- 150®, and 
when dissolved in water it decomposes that liquid into 
hydrogen and oxygon. The emanation of radium 
omits only a rays, and its activity, like that of the 
other emanations, diminishes with time, though le^ 
rapidly than those from actinium and thorium. 
Radium emanation loses half its activity in rather 
less than four days. The loss of activity has been 
connected with the simultaneous production of 
hehum, a discovery of great intor^t which was made 
by Bamsay and Soddy ^ in 1903, and has been con- 
firmed by seveiKd other observers. But a step of even 

* Proe. jBoy. Soe., 78, 804. (1908). 
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greater importance was taken wken it was shown 
that the a particles emitted by radium, by the 
emanation as well as by other kinds of radio-active 
matter, consist of atoms of helium carrying two unit 
positive charges. This idea is due to the insight of 
Professor E. Kutherford, to whom we owe a theory of 
radio-active change which is now generally accepted. 
He has shown that radium and the similar elements 
undergo a spontaneous disintegration which is the 
cause of their radio-activity, and that each gives rise 
to a series of products which are separable from one 
another by their difference of volatility, and are 
recognisable by the rate at which their respective 
qualities of radio-activity diminish. Thus radium 
gives out a particles, that is charged atoms of helium, 
beside the emanation. Its period of half transforma- 
tion is calculated to be about 2000 years. The 
emanation in its turn gives off a particles with a 
period of 3'85 days, and is transformed into a solid 
with a short life, and it has been shown that this 
last substance, known as radium A, gives rise to 
at least six successive transformations of a similar 
character. The following diagram indicates the 
general character of these products, and radiations 
which are emitted from them, together with their 
half-value periods : 

a a 13 y a. (3y 

Emanation RaA RaB RaO 

3“86 days, 3 mins. 26-8 mins. 19-5 mins. 
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The tloree next stages are produced by com- 
paratively slow transformations : 

Slow yS weak y a 

-> !RaD -> !Ra£ -> RaF (Polonium). 

(Niton) 

IB'S years. 5 days. 136 days. 

The amount of polonium isolated up to the present 
is exceedingly small, much less than the amount of 
radium. It appears to exhibit a distinct spectrum, 
but except that it closely follows bismuth in its 
chemical reactions very little is known about it. 
When it decays the residue exhibits no radio-activity 
and is believed to consist of letul, which is thus the 
final and comparatively permanent end product of 
the transformations of radium. 

The estimation of the density of the radium 
emanation (called by Kamsay has boon 

accomplished by Gray and lijimsay.^ Details of 
the construction of the micro-balance and other 
apparatus required, and the principle involved in a 
new method of weighing and measuring a minute 
quantity of gas, are given in the memoir (ioc. city 
When it is remembered that the volume of gas 
measured was only about iV cubic millimetre, 
and its weight about milligram, and that a 

balance was required which would indicate a 
difference not greater than TircWtr milligram, the 
extraordinary delicate nature of some of the opera- 
^ Proc. Rof. Boo,, 84, £86 (1911). 
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tions required in tliis department of researcli 
becomes obvious. The atomic weig'bts deduced 
from these experiments ranged between 218 and 227, 
with a mean equal to 223. The density of niton 
is therefore about 111, hydrogen being unity. The 
atomic weight of radium having been settled by 
previous observers as approximately 226-4, the 
authors show that three atoms of helium (at. wt. 4) 
are lost by niton in its decay, and since it had been 
rendered almost certain by the work of Dewar, and 
from experiments by Rutherford and by Ramsay and 
Soddy, that four atoms of helium separate from one 
atom of radium, “it follows that one helium atom 
must escape when radium changes into its emana- 
tion : hence the true atomic weight of the emanation 
must be 222-4. This number hardly differs from the 
mean (223) of the atomic weight determinations 
given in this paper.” 

It may be added here that niton as a chemically 
inactive gas is placed by Ramsay in the argon group 
of elements, notwithstanding its instability. 

During the transformations of the radio-active 
elements the expulsion of one or more o particles 
(helium) or particles (electrons) is attended by a 
loss of energy, which appears in the form of heat. 

That a radium salt is always at a temperature 
about 2° above its containing vessel was discovered 
in 1903 by Curie and Laborde.^ The results sub- 
sequently obtained show that one gram of radium in 
^ Oompt^ 136 , 673 ( 1903 ). 
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equilibrium with its products spontaneously develops 
a quantity of heat approaching 110 calories per hour. 
In order to account for this loss of energy it was at 
one time supposed that the radio-active ho<ly had the 
power of acting as a transformer of energy derived 
from external sourcsos. This hypothesis has, however, 
given place completely to the disintegration theory 
already broadly described. A question next arises as 
to the final products of the disintegration, anti much 
speculation has already been provoked on the .subject. 
An instance has already been referred to in the case 
of polonium, and its supposed resolution into helium 
and lead. Whether the other radio-active bodies 
give rise by similar operations to common elements 
of lower atomic weight is still the Hubjoct of inquiry. 
Quite recently the position of the ra<lio-activo 
elements in relation to the periodic scheme has been 
the subject of remarkable papers by Ifrofossor Sod<ly * 
and Dr. K. Fajans.* Soddy states in his latok, 
Oherrdairy of the Radio-JsHemenift* that when the a 
particle is expelled from an atom the element passes 
from a group of oven valency in the jwriotlic table to 
the next lower numbered group of even valency, the 
family of odd number being always missetl. But 
sometimes when the a particle is not lost, the atom 
undergoing change reverts to its original group. 
Further, it is assumed by several writers that when 
a rayless or fi ray change occuis, the atom changes in 

^ Okemtoal iV««ew, Fab. 28. 1818. 

* JBeriohte, 46, 422 (1918). * Loogiiuuw, 1911. 
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cliemical nature, passing from odd to even valency, 
or even to odd valency. Following tlie course of the 
disintegration of uranium, thorium, and actinium 
respectively, products appear to be formed of ap- 
proximately the same atomic weight and the same 
valency, which are so closely similar to one another 
as to be inseparable by any chemical process. Thus 
it is said that the six products of the three series, 
namely, the lead resulting from the decay of 
polonium, that derived from thorium C, radium D, 
thorium B, radium B, and actinium B, with calculated 
atomic weights ranging from 210 to 206, are non- 
separable from lead with atomic weight 207T. In 
fact, that the lead of nature is a mixture with an 
average atomic weight of that value. This is to give 
a new meaning to the term atomic weight which 
recalls the speculations of Sir William Crookes nearly 
thirty years ago on the subject of "Elements and 
Meta-elements.” ^ 

The whole subject is, however, in its infancy, and 
though in active and vigorotis growth, it will probably 
require the labour of a generation to place the 
chemical relations of the elements in a position 
beyond further dispute. 

The discoveries of which a brief and necessarily 

^ Presidential address, Uhcm. Soc. (1888), 487. 

Por a complete account of radium and of all that is known 
concerning the rest of the radio-active elements, the reader 
■will do well to consult Professor Rutherford’s JRadio-aotive Sttb- 
stcmo 69 and their Radiations. (Cambridge University Press, 
1918.) 

Y 
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imperfect sketch has just been given, together with 
the extraordinary results of the researches of Sir J. 
J. Thomson and his school in connection with the 
effects of the electric discharge on gases, have proved 
that the atom of the chemist, hitherto assumed to 
be the indestructible physical unit of mass, is not 
only a complex body, but is resolvable into smaller 
particles. It is natural that this now knowledge 
should have stimulated speculation as to the origin 
and mode of formation of matter. It is impossible 
in one chapter to provide even a superficial review 
of the numerous hypotheses which have been pub> 
lished to the world during the last thirty years, but 
a general indication of their nature can be given 
in a few lines, and the reader who wishes to pursue 
the subject must be prepared for an extensive litera- 
ture in several languages. 

Broadly speaking, one view most commonly ex- 
pressed assumes a process of evolution in or from 
a primal “ urstoff ” or protyle, the vpan} iXv of ancient 
speculation. By a gradual process of condensation 
analogous, though not necessarily similar, to chemical 
polymerisation, the elements are supp<»ed to have 
come into existence one after the other in the order 
of their atomic weights, beginning with the smallest. 
Each atomic mass is thus assumed to represent a 
stable aggregation of the fundamental stuff. Why 
each of these should be stable while intermediate 
masses are not so does not appear. One form of 
this view has been developed by Professor Emerson 
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Keynolds,' and subsequently expanded by Sir 'William 
Crookes,^ It appears to assume that while, generally 
speaking, there is a gradual change induced by fall 
of temperature or some similar physical condition, 
there happens at regular intervals a check of some 
kind which gives rise to a recurrence of the same 
changes in order, so as to account for the periodic 
characters of the elements as we know them, arranged 
in the order of their atomic weights. 

Other writers have suggested the existence of two 
or more primal materials which, by condensation 
together, account for the evolution of the elements 
with the positive and negative characters which the 
various fomilies exhibit. For some of these specula- 
tions the authors look for support in the spectro- 
scopic observations of the stars and nebulae, which 
not only show lines tmknown in connection with 
terrestrial matter, but that the elements of low 
atomic weight appear to be more widely distributed 
than those of high atomic weight.® 

Since the acquisition of knowledge as to the 
properties and origin of the radio-active elements, 
the idea of devolution of more complex to simpler 
forms of matter has come into the field of specula- 
tion. An attempt to apply this idea has already 
been referred to (p. 336). But it is of course im- 
plied in the assumption, which seems to be generally 

' Okomioal News, 54, 1 (1886). 

* Pros. Roy. Soe., 68, 409 (1898). 

* A sketch of the more important of these hypotheses is given 
in The JBlementa, W, A. Tilden (Harpers’). 
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accepted, that uranium is the parent or grand- 
parent of radium. 
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Paris. At the ago of nintjteon Henri entered the ISoole 
Polytechniqxie. Ho then wont into the Corps des Ponts et 
Ohaussees, and worked as an engineer for three years. In 
1875 he published a work whicli gained him a position SkS 
Demonstrator at the i^cole Polytechnhpxe, where he became 
Professor in 1895. In 1878, on the death of his grandfather, 
Antoine Cesar Becquerel, ho became assistant in the Museum 
under his father, Bdmond Becquerel, then professor. Ho 
succeeded to the Chair in 1892. The present occupant of the 
Chair is Monsieur Jean Becquerel, the son of Henri Bi»cquerel, 
who died 25th August 11)08. 

[Booquerel Mernori^tl X-iocture, O. Lodge. Jonriu Vhem, Kor., 
101, 2005 (1912).] 

James Emerson IIeynou)h, M.D, So.D* (Dublin), F.K.H. 
Formerly Professor of Chemistry in the University of Dublin. 
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Qerhabdt Carl Schmidt, Professor of Physics, University 
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Marie Curie, w/e Sklodowska, \ridow of Professor Pierre 
Curie, Professor in the Sorbonne, Paris. 

PiEBRE Curie was born in Paris, 15th March 1859, and was 
educated at the Sorbonne. He was appointed Professor of 
Physics in the Nicole Municipals in 1895, and in 1900 he 
became Professor in the Sorbonne, In 1895 he married 
Marie Sklodowska, then a student at the Municipal School, 
and jointly with her he pursued researches into the phenomena 
of radio-activity. In 1903 the Davy Medal was conferred by 
the Iloyal Society on M. and Mme. Curie, and they shared 
with Henri Becquerel the Nobel Prize for Physics. In the 
same year Curie lectured at the Royal Institution, London, 
on radium. By a lamentable street accident he was killed in 
Paris on the 19th April 1906. 

[Obituary, Nature, 73, 612.] 
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KUMMAllY AND CONOUUSluN 

It must now bo ovitlont, to tho roador that kloas of 
tho present day rolatittg to tho aict of chemical 
combination and tho nature and constitution of 
chemical compounds arc very different from those 
of a hundred or oven fifty years ago. Tho Atomic 
Theory has been not only received as affording a 
plausible explanation of the familiar quantitative 
laws of chemical combination, but tho theory has 
been enthroned a.*} tho predominant and indispen- 
sable doctrine to which every question in mo<iem 
chemistry is referred, and of which the triumphs 
of modern theory supply the justification. Without 
the Atomic Theory and the doctrine of the orderly 
linking of atoms, the natural outcome of the recog- 
nition of that property of atoms which is now called 
their valency, “ organic ” oheraistiy would be a heap 
of confusion, and progress very alow if not im- 
possible. The Atomic Theory, however, was not 
established without a struggle. The early crude 
results of quantitative analysis were sufficient for the 
genius of Dalton ; but the fixity of oombming pro- 
pi^ons can hardly be said to have hem fully 
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established till the researches of Stas (p. 103) sup- 
plied the necessary facts. The problem which led 
Berthollet in the early years of the nineteenth century 
to dispute the truth of this fundamental proposition 
is one which has ever since afforded material both 
for experimental inquiry and theoretical discussion. 
We are quite satisfied now that every chemical 
compound is definite in its nature, and that its 
constituents are joined together in proportions 
which cannot be varied except per saltum, and then 
a new substance is produced. But the youngest 
student in practical chemistry soon finds out that 
the production of any given compoimd is largely 
dependent upon the conditions of the experiment. 
Of these conditions, one very important is the 
relation between the quantities of the acting mate- 
rials, another is the nature of the products of their 
interaction, whether solid, liquid, or gaseous, soluble 
or not soluble in the menstruum employed, and 
so forth. A beautiful experiment, illustrating the 
effect of mass or relative quantity, may be seen 
by mixing together a dilute solution of ferric 
chloride in water with a similar solution of potas- 
sium thiocyanate, when the familiar red coloration 
due to the production of ferric thiocyanate appears. 
If now this liquid be divided into two equal parts, 
and to one is added some more of the ferric 
([fiiloride, a deepening of tint will be observed, which 
aegTirw to indicate that the iron was deficient in the 
original mixture. But if to the other portion of the 
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rotl soluli«»n a further <lo8o of the thiocyanate is added, 
a similar dotipouing at once i*osuits. Tins, on the 
other hand, soorjis to show that t,ho thioeyanato was 
added to the origiiiai in insuftiuient amount. These 
results Hcoin <!«*ntradit!U»ry, ami at first sight the 
explanation is imt appannit; hut on trial it will 
bo fuuml that, in t»nior to jmKlneo the tnaxinmm 
effect, one or tho othor of tho acting materials 
must be usotl in very groat excess over and above 
the quantity in<licatod by tho theoretical equa- 
tion which would bo »ise<l to express the change. 
And so in many other instiinces wo have to 
seek tho conditions tnuler which, in any system of 
bodies capable of tvctiitg upon oiio aiiothor, equili- 
brium can be established. In most of these cases 
the changes whicli occur are reversible ; that is, 
they proceed in one direction till certain quantities 
of tho products of interaction have accumulated, 
and the action then comes to an end. This wo can 
now explain by a hypothesis which in its original form 
we owe to Willismson (see p. 286). It is now clear 
that we must exchange the older statical views of 
ohezuioal compounds, and their modes of interaction 
with other compounds, for others which involve the 
idea of motion among the atoms. 

In ev^ sudh ayst^ as that described above we 
two changes going on simtiitansously, the one 
hifNliMSi th« two oinginsl substanoes, in this case 
flnift. ddeadds and potossium thiocyanate, and the 

||iod»ots of tlaalr^deteraotioii. 
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namely, potassium cliloride and ferric tHiocyanate. 
If these two changes take place at different rates, 
more and more of one of these pairs of compounds 
will accumulate ; when they go on at the same rate, 
then action appears to be at an end, because equili- 
brium has been established. The action, however, 
must be supposed to continue, and the equilibrium 
results from the two opposite interactions proceed- 
ing at the same rate. Such changes are generally 
represented by an equation in which the sign of 
equality is replaced by a pair of arrows pointing in 
opposite directions, to signify that the equation may 
be read backwards or forwards, thus : 

FeOlg-t-SKONS Fe(ONS)3-t-3KCl. 

If now into such a system in equilibrium a larger 
quantity of any one of the substances present is 
introduced, a disturbance is set up which leads to 
the redistribution of its elements to a greater or less 
extent. This disturbance, there is reason to believe, 
is dependent upon the increased opportunities which 
are afiPorded to the constituents of the added sub- 
stance of meeting and reacting with the other 
elements present; in the case taken by way of 
iUustration, the addition of more of the iron salt 
gives increased chances for the iron to find out the 
unchanged thiocyanate present in the liquid, 'and 
vice versft. Of course, in all such cases the extent of 
the change is also largely dependent upon tempera- 
ture, and where gaseous products are formed it is also 
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much dependent upon pressure. The nature of the 
solvent employed is important, for in the event of 
gas escaping, or of a solid precipitating, a part of the 
material is eliminated from the sphere of action, 
and a disturbance of propoi’tions ensues. In sueh 
cases the theoretically possible change is usually 
completely accomplished. 

So early as 1852 experiments were made by 
Bunsen, 1 with the object of testing the “ Law of 
Mass.” Ho exploded mixtures of hydrogen and 
carbonic oxide with oxygon in different proportions, 
insufficient to burn both the gjuses; but the conclu- 
sions he arrived at wore afterwards .shown to be 
erroneous. 

Studios relating to the vato at which chemical 
change proceeds in particular cases have been 
undertaken by many chemists during the last forty 
years. One of the earliest was the investigation of 
the formation of compound ethers, by the inter- 
action of alcohol with acids, by Borthelot.* He 
found, as we should now expect, that the Interaction 
proceeds more and more slowly as the other and 
water are formed, until ultimately it comes tr> an 
end, although both acid and alcohol remain in the 
liquid. Another important research was cairied out 
by A. Vernon Haroourt and W. Esson,* in which they 
deinonsbra>ted the influence upon the rate of change 

> 4nna£tn, 88, 1S7 (1883). 

* Afm. £8], «8, 888 ; «6, 8 (1868). 

» Jmum. OK»m, Boo, [8], 8. 488 (1867). 
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of varying the proportions of the materials in the 
reactions they examined. Other special eases have 
been examined by Gladstone, Horstmann, Dixon, 
Deville, Ostwald, Thomsen, and others, some of 
whom have been referred to in a previous chapter. 
Btit the merit of formulating the fundamental prin- 
ciple of the action of mass, and thus bringing into 
scientific form previous vague notions about affinity, 
belongs to the Norwegian physicists Gtddberg and 
Waage. Their book, entitled Etudes sur les cbfiTiitds 
chimiquea, published by the University of Christiania 
in 1867, contains an investigation of the law of mass 
action, which has been of great service to theoretical 
chemistry. A discussion of the theorem would be 
unsuitable to these pages, but sufficient has been 
said to indicate the general nature of the inquiry. 

Temperature, as already explained, is a very im- 
portant factor in the circumstances which determine 
the rate of chemical change. At the low tempera- 
tures now obtainable by liquid air or oxygen all 
chemical activity seems to be suspended, while at 
the opposite end of the scale, at the temperatures of 
the electric arc or spark, all ordinary chemical com- 
pounds seem to be broken up into their elements. 

Chenadcal combination, then, is an affair of atoms, 
and their joining together or separating is regulated 
by “affinity,” by temperature and pressure, and by 
the or r^tive quantities of the materials pre- 
sented to each other. 

Whether isolated atoms or groups of atoms bearing 
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electric charges, that is to say icnin, are the immediate 
parties in any given chemical action or reaction, 
or whether an interchange between two molecnlas 
is preceded by combination of the molecules con- 
cerned in the form ol' a temporary union, or 
whether again all a.t.oms ai*e capublis of tiovoloping 
“residual valency” by whicjh t.hey becomes al.tacilicd 
to otliei's in a more or leas permanent way arc subjects 
on which hypothesis luus been lavished freely. 

It is not improbable that physicjal conditions as 
well as the chemical ohara<!ters of the elomotds con- 
cernetl influence the humIo of atbmk profoundly, ami 
that the explanation of ohemi<!al change is not to bo 
attributed in ovory case to tlm same nuMle of aiition. 

The general a(it>j>tion of tins At.«>mic 'rheory w»us 
followed half a (sont ury laU>r hy tlie great generalisa- 
tion known as the “ PerKMlic l^aw.” Aeeortling to 
this principle, expressed in the words of Aietuleli'ofl*, 
“the properties of the elements ns well as the forms 
and pro|}ortios of their et>m{Kn»ids are in {leriodic 
depomlonco on <»r form a |xiritHiic function of the 
atomic weights of the olomonts." Until very recently 
the general truth of this statement Inul been demon- 
strated in respect to every known prti|>orty of the 
elements with one exception, namely, the H{)eeifio heat 
of these substances in the aolhi sbite. It has been 
mentioned already (p. that this property varies 
oonriderably with tempemturo, increasing regularly 
with rise of temperature and diminishing with 
cooling. It is only at the low temperatures attsun- 



XI] 


SEECIFIC HEATS PERIODIC 


349 


able by tbe use of liquid nitrogen and liquid hydrogen 
that the important observation became possible, that 
the mean atomic heats of the elements at about 60° 
absolute va/ry periodically -with the atomic weights. 
When plotted against the atomic weights a curve is 
obtained which follows the course of the Atomic 
Volume curve shown in the diagram on p. 12T. This 
remarkable discovery we owe to Sir James Dewar.^ 
The smallest specific heat given in the paper referred 
to is that of diamond, namely 0-0028, which when 
multiplied by the atomic weight gives -03 as approxi- 
mately the atomic heat. Carbon is one of the 
elements which has always been recognised as 
exceptional in respect to specific heat, and it is 
probable that its capacity for heat would vanish at 
the absolute zero. But such metals as potassium, 
rubidium, and caesium give at the low temperature of 
these experiments atomic heats which are but little 
below those observed at ordinary temperatures, and 
whether they would change considerably at 50° 
lower in the scale is a question which cannot yet be 
answered. The interesting result of these researches 
is the extended application of the periodic law.® 

Of the internal construction of the molecules 
which result from the union of atoms, and even of 
atoms themselves, it has been shown that we have 
some reason to believe that a certain degree of know- 

^ Proc. Boy. Soc^, 89a, 158 (1913). 

♦ 8peoulations oonceming the Periodic Law from the standpoint 
of Badio-activity have been referred to in Chap, X. 
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ledge has been attained. Further information as to 
molecular constitution seems likely to result from the 
more careful attention which is now being given to 
the interrelation of chemical constitution and physi- 
cal properties. The discoveries which have resulted 
from the careful study of the tiction of cerbiin com- 
pounds on polarised light, encourages the belief that 
an equally careful investigation of the rofractivity 
and dispersive power, of the electric conductivity, 
the viscosity, the specific vohmio, and the specific 
heat of pure substances of known com{KJ.siti<}n may 
help in the further elaboration of those idoa.s of 
constitution which, imperfectly expressed in current 
chemical formula', have boon derived fn>in the obser- 
vation of the modes of formation and of dcconi{X>si- 
tion of compounds chiotty of one oiernont, tairbon. 
Valuable pioneering work of this kind lias lieon 
already aceoniplt.shod hy Clhulstono and hy Briihl, by 
Hermann Kopp and by Thor|)0, by fXstwald, Kt>hl- 
rausch, and others. In the future one !e.H.son derived 
from the past will doubtloas lie always home in 
mind. The serious infiuonce of small quantities of 
other substances in the materials which are tliu sub- 
ject of experiment is now rocognisocl, and the lalsiur 
of physical meastiromonis will surely in future bo 
expended only upon substances which have boon 
purified with the most scrupulous care, or of which 
the composition is accurately known. 

A history of progress in the science of chemistry 
doee not eonsist of an enumeration of all the db- 
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coveries wliicli have been made. A fe'W subjects 
have therefore been deliberately omitted from tbe 
preceding chapters for the reason that they appear to 
be either unripe for discussion or to have contributed 
little to advance of the subject as a Tvhole. Though 
a very large number of facts have been recorded and 
whole series of phenomena observed, for which at 
present there is no satisfactory and conclusive ex- 
planation to bring them under the great generalisa- 
tions which have already been established, there is, 
however, good reason to believe that eveiy one will 
fall into its proper place in a comprehensive system, 
of which we can as yet only guei^ the outlines. 
Beside unclassified phenomena there has been of late 
years a gradual readjustment of the subject matter 
of chemical observation, many things which were 
formerly neglected having become prominent, and 
vice versA The present position of the chemistry of 
tbe “rare earths” is an example, and so also is the 
knowledge we now have of the properties of such 
metals as tungsten, tantalum, and others whicb, 
owing to practical applications, have been studied 
more and more closely. Ko new principle of funda- 
mental importance is involved in such cases. On the 
other hand, while such an art as photography has 
made enormous strides it can hardly be said even 
now that the action of a ray of light in effecting 
chemical change is undemtood much better than in 
the days of Soheele, who first observed the blackening 
of silver chloride in daylight. 
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It is true that many rude kinds of investigation 
wore undertaken in the middle of last century on the 
effects of various coloured lights on vegetation, but 
these resulted in no serious addition to knowledge 
either from the theoretical or pracitu'al point of view. 
The first Kystornat.ic inquiries on ro(tord uro those 
of Bunsen and lloscoo, which, origiiudly communi- 
cixtod to the British Association in IH.55, wore 
developed in a series of papers in the l*h UtmophitHil 
Trd'iiSitctimiit of the Koyal So<fiety for IH57, 1869, 
and 1KG3. Their moasuromonts, however, related to 
the chemical effect prcslunod hy the total solar radiai- 
tion, and though they diseovorotl many intorasting 
facte, including the fdionomuna of photo-elnnnitail in- 
duction, no roHults of this kind can loatl to any 
explanation of tho nfinitintlL Thu action of 

light of various degrees of refrangihiiity, aud tho 
radiation in tho ultra-violet, is being stiulUsi by 
several chemists at tho present time, though some- 
what desultorily, Tlio results which have l>oon 
published show that in all cases the prtKlucts are 
complex. Somotimes tho ofTee.t is one of condensa- 
tion, sometimes of doconiposition, while isomerisation 
is frequently brought alsnit. There is need for much 
further experiment. 

AnoUier subject which provides a large held for 
investigation is tho state known as ctdltml. Atten- 
tion was first drawn to the non-diffusiblo ehiuraotor 
of soluble ooUoids so long ago as IHOl, by Qraham,* 

' TVttfW. {1861}. !». 183. 
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who first applied this name to substances resem- 
bling gelatine. Down to quite recent times the 
subject remained practically where he left it, but 
the great importance of the colloidal state in the 
constituents of animal and vegetable tissues, to- 
gether with the closer study of the properties of 
solutions to which both chemists and physicists 
have contributed during the last few years, has 
given to colloids a rather prominent place in 
chemical literature. 

The science of chemistry now extends so widely, 
not only in its applications to the industrial and 
useful arts, but in providing methods for the investi- 
gation of all kinds of natural phenomena by the 
physiologist, the geologist, and the cosmogonist, that 
it is no longer within the capacity of any one man, 
however industrious and intelligent, to possess an 
intimate knowledge of all departments of the science. 
Chemists have therefore been compelled by the very 
success which has attended their labours in the past 
to limit their individual inquiries to a comparatively 
narrow range. There is some danger that this 
tendency to specialisation might stand in the way 
of prpgress, if it ever became ,so excessive that the 
method and conclusions arrived at in one depart- 
ment ceased to be utilised, because unknown, in other 
departments of the same science. Steps have been 
tAkATi in recent years to provide against such a state 
of things by the publication of summaries such as 
the reports to the British Association, and for 
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chemists especially, the volume of Annual Reports 
issued by the Chemical Society. 

Happily the day is long gone by when popular, 
political, or ecclesiastical ignorance and prejudice 
could stand in the way of progro.ss. What sooin.s to 
bo chiefly wanted now is the manifestation of greater 
sympathy on the part of many of the representatives 
of other departments of human thought and aspira- 
tion for the work of those who ta-taipy themselves 
with the stinly of the material univtirso. 'fhe highest 
aim of soieneo is not invention, hut a know}e<ige of 
nature, and that su(jh aim is consistent with a full, 
deep, and warm approijintion of art ami letters is 
happily obvious to the majority of cultivated men 
and women. In the ancsiout imiversitie.s of (Iroat 
Britiiin until cjuite recent tirmw chemistry has not 
flourished with the vigtntr .shown by the older 
studios. Wo may, however, now look forwartl ho|K3- 
fully to the day, not far distant, when natumi .H<'ionce 
will bo cheerfully and openly admitted to rank in 
intellectual importance equally with the triuiitiomd 
leanung which has come down to us from the jjast. 


BIOaRAPHKlAL NOTES 

Joues WitHBLU BrOhl wm lK>m at Warmw, I3th F«b. 
1810. After studying at tfaa Pdlytecimikum in Zurich and in 
the Univeraity of Berlin, where he took hb dugree, he went to 
Aaohen es aMietent to Landolt. In idHO he beoame Profeeeor 
at the Polyteohaikat Bemberg, wb«e« kde health brolca down. 
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and it was necessary to seek a milder climate. In 1888 he 
took charge of Berntlisen's laboratory in Heidelberg, and as 
Honorary Professor lectured on organic chemistry. His 
scientific work related almost entirely to the study of optical 
properties in relation to chemical constitution. 

He died at Heidelberg, 5th Feb. 1911. 

[Obituary by K. Auwers. 44, 3767 (1911).] 

John Hall Glaustonk, born 7th March 1827. A student 
at University College under Graham, he afterwards proceeded 
to Giessen to work with liiebig, returning in 1848 with the 
degree of Ph.D. He held for two years the post of Lecturer at 
St. Thomas’s Hospital, but, having independent means, he 
pursued science as an amateur. From 1874 to 1877 he held 
the Fullerian Professorship of Chemistry at the Royal Institu- 
tion, and was first President of the Physical Society. The 
most important systematic work he accomplished was in con- 
nection with the refraction and dispersion of liquids. He 
introduced the copper-zinc couple as a reagent. 

He died suddenly in Londoxi, 6th Oct. 1902. 

[Obituary by W. A. Tilden. Joiirn, diem. &<?., 87, 591 (1903).] 

Cato Maximilian Gulobkho, born at Christiania, 11th 
Aug. 1836. He became teacher of mathematics and mechanics 
at the Military Academy, and later Professor of Applied 
Mathematics in the University of Christiania. From 1876 he 
Was a director of the Norwegian railways. 

Died 14th Jan. 1902. 

CPoggendorfTs Kandwdrterhuch^ vol. iv.] 

Augustus Geokge Vkrnon Harcourt, M.A., D.Sc. Oxon., 
F.ILS., lately Lee’s Reader in Chemistry at Christ Church, 
Oxford. 

Wilhelm Ostwalu, Geheim-Bat, lately Professor of Chem- 
istry in the University of Leipzig. 

Thomas Bowari) Thorpe, Knt., C.B., LL.D., F.R.S., 
formerly Principal of the Government Laboratories, Professor 
Emeritus in the Imperial College of Science and Technology. 
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Peter Waaoe, born at Flekkefjord, in South Norway, 29th 
June 18»33. He was educated at the Ber/ren Grammar Sahool, 
and studied medicine in the University of Christiania. After 
continuing his study of chemistry under Bunsen at Heidelberg, 
he succeeded Stx'ecker as Professor at Christiania in 

He died 13th Jan. 1900. 

[Obituary, Jount, i'Jum, 77, 591 (HMKO.] 



IMPORTANT EVENTS 


ARRANGED IN CHRONOLOGICAL ORDER 


Jean Baptiste Dumas born 

Friedrich Wohler born 

Electrolytic decomposition of water by Nicholson 

and Carlisle 

Justus Liebig bom 

Joseph Priestley (born 1733) died .... 

Thomas Graham bom 

J. B. Richter (bom 1762) died . . . . 

Atomic Theory of Dalton, published by Thomas 
Thomson 


1800 

1800 

1800 

1803 

1804 
1806 
1807 

1807 


Isolation of potassium and .sodium . 
Auguste Laurent born .... 
Henry Cavendish (born 1731) died . 
Elementary nature of chlorine established 
Hypothesis of Avogadro . . . • 

Robert Wilhelm Bunsen bora . 

Jean Servais Slas born . . . • 

Charles Gerhardt born .... 
Adolph Wurtss bora . . . . 

Hermann Kopp born .... 
Jean Charles Galissard de Marignac born 
James Prescott Joule born 
Hermann Kolbe born . . . • 

August Wilhelm Hofmann bora 
I*w of Dulong fltnd Petit 
Mitwherlich’s first work on isomorphism . 
Claude Louis Berthollet (born 1748) died 


1807 
1807 
1810 
, 1810 
. 1811 
. 1811 
. 1813 
. 1816 
. 1817 
. 1817 
. 1817 
. 1818 
. 1818 
. 1818 
. 1819 
. 1819 
. 1822 
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Louis Pasteur born ...... 

Faraday’s first experiments on liquefaction of gsises . 

Alexander William Williamson born 

Edward Frankland born ...... 

Stanislao Cannizzaro born ..... 

Berzelius’ electro-chemical theory . . . . 

Marcellin Borthelot boni ..... 

Wohler’s synthesis of nroa ..... 

Humphry Davy (born 1778) died . . . . 

William Hyde Wollaston (born 1766) died 
August KokuliS born ...... 

Julius Lofchar Moyer born ..... 

Qrahatn’s law of gaseous ditfusion .... 

Faraday’s work in electricity begun 
British Association for tho Advanceincnt of Hciouce 
founded ........ 

Liebig and Wtihlor on tho “ Iladi»i.l of Benzoic 
Acid 

Graham on arseniates and phosphates (recognition of 
basicity of acitls) ...... 

Faraday’s first law <»f electro-chemical decomposition 
Dumas’ discovery of chlorine substitution 
Carbon dioxide solidified by Thilorier 
Laurent’s theory of nuclei used by Omolin 
William Henry Pork in Ixtrn ..... 

Dumas’ theory of typos ...... 

Bunsen’s discovery of cacodyl ..... 

Chemical Society of Iiondon founded 
Homologous series recognised by Sehiel . 

Mechanical equivalent of heat determined by Joulo . 
John Dalton (born 1766) died . . . . 

Racemic acid dissected by Pasteur .... 

Synthesis of acetic acid by Kolbe . . . 

College of Chemistry, London, founded , 
Dissociation of water by heat (W. B. Grove) . 
Frankland’s discovery of ethyl . ' , 


1833 

1823 

1824 

1825 

1826 
1827 

1827 

1828 
18 ^ 
1839 

1829 

1830 
1881 

1831 

18.31 

1832 

1833 

1834 
18.34 

1835 
18.36 
1HS8 
1839 
1841 

1841 

1842 
1842 

1844 

1845 

1845 

1846 
1846 
1848 
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Jons Jakob Berzelius (born. 1779) died 
Frankland’s discovery of zinc-etbyl . 

Wurtz’s discovery of compound ammonias 
Hofmann’s syntbetical formation of compound 
ammonias ....... 

Louis Joseph Gay-Lussac (born 1778) died 
Constitution of ether established by Williamson 
Water-typo proposed by Williamson 
Principle of “ atomicity ” recognised by Frankland . 
Auguste Laurent died ...... 

Charles Qerhardt died ...... 

Perkin discovers “ Mauve ” . 

Clausius’ theory of electrolysis .... 
Dissociation studied by Devilie .... 
Linkage of atoms recognised by A. S. Couper . 
Cannizzaro’s Sunto published ..... 
Synthesis of acetylene (Berthelot) .... 
Spectrum analysis introduced by Bunsen and iCirchoff 
Pasteur’s work on fermentation begun 
Eilhardt Mitscherlieh (born 1794) died . 

Andrews* experiments on liqirefaction of gases begun 
Atomicity apjJiod to the explanation of isomerism 

by Crum Brown 

Nowland’s “ Law of Octavos ” . 

Sprongol’s mercury pump invented .... 

Kokul^’s formula for benzene ..... 

Bunsen’s gas-burner invented ..... 

Michael Faraday (Iwn 1791) dietl .... 

German Chemical Society founded .... 

Synthesis of alizarin (Oraobo and Liebermann, Perkip) 
Thomas Graham died ...... 

Mendol4eff’s first table of the elements 

Lothar Meyer’s periodic curve ..... 

Justus Liebig died 

Theory of stereo-isomerism (Le Bel and Van’t Hoff) . 
liquefaction of oxygon (Pictet and Cailletet) . 


1848 

1849 
1849 

1849 

1850 

1850 

1851 

1852 
3853 

1856 
1866 

1857 
1867 

1858 

1858 

1859 
1859 
1861 
1863 

1863 

1864 
1864 
1864 
1866 
1866 
1867 

1867 

1868 
1869 

1869 

1870 
1873 

1876 

1877 
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Society of Chemical Industry founded . . .1881 

Friedrich Wohler died 1882 

Hermann Kolbe died . . ... . . 1884 

Jean. Baptiste Dumas died ..... 1884 

Adolph Wurtz died 1884 

Tautomeiiam or desmotropy recognised (Laar) . . 1885 

E mi l Fischer’s synthesis of sugars begun . . . 1886 

Gas theory of solutions (Van’t Iloff) . , . 1887 

Theory of free ions (Arrhenius) .... 1887 

James Prescott Joule died ..... 1889 

Jean Servais Stas died . . . . . .1891 

August Wilhelm von Hofmann died . . . 1892 

Hermann Kopp died ...... 1892 

Discovery of argon (llayleigh and Kitmsay) . . 1894 

Jean Charles Galissard de Marignac died . . 1894 

Discovery of terrestrial helium (llamsay) . . 1895 

Louis Pasteur died ...... 1 895 

Julius Lothar Meyer died ..... 1896 

Critical temperature and boiling ptunt of hydrogen 

observed by Olszewski 1895 

August KekuliS died 1890 

Badio-activity discovered (Bectjuorel) . . . 1890 

Walden “ inversion ” discovered .... 1890 

Isolation of radium (Curio) ..... 1898 

Liquefaction of hydrogen in quantity (Dewar) . 1898 

Bobert Wilhelm Bunsen died ..... 1899 

Fran$ois Marie Baoult died . . . . .1001 

Alexander William Williamfi»n died . . . 1004 

J. J. Thomson’s Corpuscular Theory published . . 1 907 

Dmitri Ivauovitsch Mendel4eif died . . . 1907 

Marcdlin Berthelot died 1907 

William Henry Perkin died 1907 

Helium liquefied by ICamerUngh-Onnes . . . 1908 

J. H. Van’t Hoff died 1912 
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171 

composition of, 13 

Organo-metallic compounds, 159 
Osmotic pressure, 276 
Oxygen liquefied, 314 
Ozone discovered, 296 

Pbbiodio law, 119, 126, 349 

difliculties in, 133 

Phase rule, 48 
Phlogiston, 3 

Phosphorescence of uranium, 
329 

Polonium discovered, 330 
Polymerisation, 199 
Predictions by Mendel4e£f, 129 
Prout’s hypothesis, 104, 116 

BadxoaXi or radicle, 143 
Badicals, compound, 144 
Radio-activity, 328, 333 
Radio-elements and periodic 
scheme, 336 
Radium discovered, 330 
Residues, 145 
Royal Society, 2, 16 
Royal Society of Edinburgh, 
16 

Sox>tmoxrs, hydrate theory of, 
277 

— kinetic theory of, 281 
Spectra, flame, arc, and spark, 

65 

Spectrum analysis, 69 

— of sunlight, 67 
Stereo-chemistry, 229, 237 
Substitution discovert, 15, 91 
Synthesis of alcohol, 189 

— of alizarin, 201 

— of carbon oompoxmds, 187, 
190 

— of drugs, 209 
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S3aitiiesis, modem methods of, 
195 

— tartaric or racemic acid, 198 

THBBMO-CHKMicAri work, early, 
38 

Type formulio gonoraliHed, 165 
Types, original idea of, 02, 155 

— awe of, 1(U 


! Vamnoy, electronic theory of, 
i 229 

— explanation of, 177 

— first recognition of, ICO 

' WaXiDXN inversion, 255 
Water, formula of, 87 

— pro|H‘rtie8 of, 5, 291 
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